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(Earliest) Priority Date (dayjmonthjyear) 

19 July 1999 


Applicant 
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This international search report has been prepared by this International Searching Authority and is transmitted to the 
applicant according to Article 18. A copy is being transmitted to the International Bureau. 



'I "his international search report consists of a total of 



sheets. 



[ x [ It is also accompanied by a copy of each prior art document cited in this report. 



I. Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application 
in the language in which it was filed, unless otherwise indicated under this item. 



□ 



the international search was carried out on the basis of a translation of the international application furnished 
to this Authority (Rule 23.1(b)). 



2. 
3. 
4. 



b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international search was carried out on the basis of the sequence listing: 

| | contained in the international application in written form. 

| | filed together with the international application in computer readable form. 

| | furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readable form. 

fiie statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

| | Certain claims were found unsearchable (See Box I). 

| | Unity of invention is lacking (See Box II). 

With regard to trie title, 

[ x | the text is approved as submitted by the applicant. 

[ | the text has been established by this Authority to read as follows: 



□ 
□ 



5. With regard to the abstract, 

j x | the text is approved as submitted by the applicant. 

□ the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The 
applicant may, within one month from the date of mailing of this international search report, submit 
comments to this Authority. 

6. The figure of the drawings to be published with the abstract is Figure No. 13 ^ 

[x] as suggested by the applicant. | | None of the figures. 

[ j because the applicant failed to suggest a figure. 

| | because this figure better characterizes the invention. 
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INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/FI 00/00591 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC7: H03H 9/17, H01L 41/08 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC7: H03H, H01L, H01P 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



p.x 



WO 9959244 A2 (SIEMENS AKTIENGESELLSCHAFT) , 
18 November 1999 (18.11.99), page 1, 
line 9 - page 3, line 2; page 3, line 13 - page 5, 
line 9 



US 5884378 A (MICHAEL DYDYK), 23 March 1999 

(23.03.99), column 2, line 29 - column 3, line 32; 
column 6, line 22 - line 41 



1-5,7-10, 
15-21,32-35 



6,11-14, 
22-31 



1-35 



| y| Further documents arc listed in the continuation of Box C. | )(] See patent family annex. 



* Special categories of cited documents 

"A" document defining the general stale of the art which is not considered 

to be of particular relevance 
*E" earlier application or patent but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
.special reason (as .specified) 

"O* document referring to an oral disclosure, use, exhibition or other 
means 

"P* document published prior to the international filing date but later than 
the priority dale claimed 



"T* later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

*X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y* document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person stalled in the art 

document member of the same patent family 



Date of the actual completion of the international search 



30 October 2000 



Date of mailing of the international search report 



02 -11- zonn 



Name and mailing address of the ISA'* 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 



Authorized officer 

Antonio Farieta/MN 

Telephone No. + 46 8 782 23 0U 
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Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


US 4468582 A (YOSHIRO FUJIWARA ET AL), 
28 August 1984 (28.08.84), column 1, 
line 49 - column 2, line 9; column 5, 
line 66 - column 6, line 13 


1-35 


A 


US 4870313 A (K0UICHI HI RAMA ET AL), 26 Sept 1989 

(26.09.89), column 2, line 22 - column 3, line 50 


1-35 
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INTERNAT 

Informati' 



TIQN^ 



JnAL SEARCH REPORT 

atent family members 



03/10/0 



nternational application No. 

CT/FI 00/00591 



WO 


9959244 


A2 


18/11/99 


NONE 






us 


5884378 


A 


23/03/99 


US 


5596239 A 


21/01/97 


us 


4468582 


A 


28/08/84 


DE 


3379566 D 


00/00/00 










EP 


0092427 A,B 


26/10/83 










JP 


58182910 A 


26/10/83 










JP 


58188916 A 


04/11/83 










JP 


58190112 A 


07/11/83 



US 4870313 A 26/09/89 



Form PCT/ISA 210 (patent family annex) (July 1998) 



DE 


3650562 


D.T 


20/03/97 


EP 


0220320 


A,B 


06/05/87 


EP 


0680142 


A • 


02/11/95 


JP 


2640936 


B 


13/08/97 


JP 


62168409 


A 


24/07/87 


KR 


9205610 


B 


09/07/92 


SG 


48443 


A 


17/04/98 


WO 


8606228 


A 


23/10/86 


JP 


62169508 


A 


25/07/87 


JP 


2640937 


B 


13/08/97 


JP 


62169509 


A 


25/07/87 


JP 


2079895 


C 


09/08/96 


JP 


7077334 


B 


16/08/95 


JP 


62169510 


A 


25/07/87 


JP 


61236208 


A 


21/10/86 


JP 


1783564 


C 


31/08/93 


JP 


4076527 


B 


03/12/92 


JP 


61277214 


A 


08/12/86 



PATENTTI- JA RE^fcr 



ERIHALLITUS 

Patentti- ja innovaatiol^a 



TUTK3MUSRAPORTTI 



PATENTTIHAKEMUS 
NRO p^^. Oft. 

991619 



LuoKTTus abasing <za-k&^ 
H03H 9/25, 9/64 



TUTKITTU AENEISTO {Le/isfcO/Nctv C^Ot$^\aQ 



Patenttijulkaisukokoelma (FI, SE, NO, DK, DE, CH, EP, WO, GB, US), tutkitut luokat <>eAAxUe& » 



H03H 9/25, 9/64, H01P 1/12 



TIedonhautjamuu ainebto OstA/V&A OW$ cM^e* (*»-v A l€AJU# 

EPOQUE2; WPI, PAJ, EPODOC 



VDTEJULKAlSUT ca4^& c\e^\e^os^ 



Kategoria*' 



Julkaisun tunnistetiedot 



Koskee 
vaatimuksia 



P,A 

P,A 

A 

A 

A 

A 



EP A 963 000 (HO IP 1/12) 
EP A 962 999 (HO IP 1/12) 
JP A 1 1 191722 (H03H9/64) 
JP A 10093384 (H03H 9/25) 
JP A 6232683 (H03H 9/72) 
JP A 1 1 135852 (H01L 41/09) 



*) X Patentoitavuuden kannalta merkittava julkaisu yksinaan tarkasteltuna 

Y Patentoitavuuden kannalta merkittava julkaisu. kun otetaan huomioon tama 

ja yksi tai useampi samaan kategoriaan kuuluva julkaisu "T eojAJCV\ oLo^CcaS) fcrtS cUqT\&<vh 

Yleista tekniikan tasoa edustava julkaisu, ei kuitenkaan patentoitavuuden este (V\^f- ^ C*^V^flfl<^ 



Paivays oW. 

1 f.7.2000 



Tu tkija Juha Jukanen 
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(PCT Rule 92bis.1 and 
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□ate of mailing (day/month/year) 
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From the INTERNATIONAL BUREAU 



To: 



BERGGRENOYAB y/ 

P.O. box is (s er ^am Qy J u> ' 
FIN-00101 Helsfnfci^- ^ 
FINLANDE \\ ,Q)- 2C02 



Applicant's or agent's file reference 
50236 



IMPORTANT NOTIFICATION 



International application No. 
PCT/FI00/00591 



International filing date (day/month/year) 
29 June 2000 (29.06.00) 



1. The following indications appeared on record concerning: 
f*l the applicant Q the inventor Q the agent Q the common representative 


Name and Address 

NOKIA MOBILE PHONES LTD. 
Keilalahdentie 4 
FIN-02150 Espoo 
Finland 


State of Nationality 
Ff 


State of Residence 
Fl 


Telephone No. 


Facsimile No. 


Teleprinter No. 


2 - The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 
I | the person X the name Q the address Q the nationality the residence 


Name and Address 

NOKIA CORPORATION 
Keilalahdentie 4 
FIN-02150 Espoo 
Finland 


State of Nationality 


State of Residence 


Telephone No. 






Facsimile No. 




Teleprinter No. 


3. Further observations, if necessary: 


4. A copy of this notification has been sent to: 
[X] the receiving Office Q the designated Offices concerned 
I I the International Searching Authority Q<] the elected Offices concerned 
| | the International Preliminary Examining Authority j | other: 


The International Bureau of WIPO 
34, chemin des Coiombettes 
1211 Geneva 20, Switzerland 

Facsimile No.: (41-22) 740.14.35 


Authorized officer 

Jaime LEITAO 

Telephone No.: (41-22) 338.83.38 



Form PCT/IB/306 (March 1994) 



004576064 



PCT REQUEST 

Original (for SUBMISSION) - printed on 28.06.2000 08:23:14 AM 



0 

0-1 j 


For receiving Office use only 
International Application No. 




0-2 


International Filing Date 




0-3 


Name of receiving Office and "PCT 
international Application" 








0-4 

0-4-1 


Form - PCT/RO/101 PCT Request 
Prepared using 


PCT-EASY Version 2.90 
(updated 10.05.2000) 


0-5 


Petition 

The undersigned requests that the 
present international application be 
processed according to the Patent 
Cooperation Treaty 




0-6 


Receiving Office (specified by the 
applicant) 


National Board of Patents and 
Registration (Finland) (RO/FI) 


0-7 


Applicant's or agent's file reference 


50236 




Title of invention 


RESONATOR STRUCTURE AND A FILTER 
COMPRISING SUCH A RESONATOR STRUCTURE 


II 

11-1 
II-2 
tl-4 
11-5 

11-6 
11-7 


Applicant 

This person is: 

Applicant for 

Name 

Address: 

State of nationality 
State of residence 


applicant only- 
all designated States except US 
NOKIA MOBILE PHONES LTD. 
Keilalahdentie 4 
FIN- 02 150 Espoo 
Finland 
FI 
FI 


IIM 

111-1-1 

111-1-2 

ni-1-4 

IH-1-5 

111-1-6 
111-1-7 


Applicant and/or inventor 

This person is: 

Applicant for 
Name (LAST, First) 
Address: 

State of nationality 
State of residence 


applicant and inventor 

US only 

KAITILA/ Jyrki 

4. Linja 14 B 45 

FIN-00530 Helsinki 

Finland 

FI 

FI 




PCT REQUEST 

Original (for SUBMISSION) - printed on 28.06.2000 08:23:14 AM 



III-2 


Applicant and/or Inventor 




111-2-1 


This person is: 


applicant and inventor 






uo oniy 


Ml OA ' 


Mama tl ACT Pirctf 


X ±j±LtAffl£fl± i naJTJuvU 


III o c 

111 -2-5 


Address: 


Perasm zA 






FIN-UzJisU bSpOO 






rinioZlQ 


III o c 


oiate oi nauoriaiiiy 


Fl 


III O 7 


oiaie or resiuciiL.o 


FI 


III O 


Applicant ana/or inventor 




111-3-1 


This person is: 


applicant and inventor 


III-3-2 


AnnlicAnt for 


TT G 1 

uo ouiy 


IH-3-4 


Name (LAST, First) 


ELLA, Juha 


1 1 1-3-5 


Address: 


Tfaariaisentie 5 






FIN-24800 Halikko 






Finland 


lil-3-6 


State of nationality 


FI 


II 1-3-7 


State of residence 


FI 


IV-1 


Agent or common representative; or 






address for correspondence 






The person identified below is 


agent 




hereby/has been appointed to act on 




behalf of the applicant(s) before the 






competent miemauonai Muinonues as. 




IV- 1-1 


Mama 

Name 


BERGGREN Ox Ad 


IV-1 -2 


Address: 


P.O. Box 16 






TIM- 0 0 1 fi 1 Hp T_ s inlci 






Finland 


IV-1 -3 


Telephone No. 


+358-9-693701 


IV- 1-4 


Facsimile No. 


+358-9-6933944 


IV-1 -5 


e-mail 


email • box@berggren • f i 


V 


Designation of States 




V - 1 


R on ion a 1 Patont 


7\ -D . r*W fZM TfT T.G MW M7. cn CT. SZ TZ TJG ZW 

5 VjA XVb XjO l T lti IMXi wJJ 0*i l*i w w *J » » 




(other kinds of protection or treatment, if 
any, are specified between parentheses 


ana any owner otote wnicn is a 




aner ine aesignauon^s; concemeu; 


COZltrdCting otaue oi tne naxar c riutu^ux 






anci 01 uiie jrv- 1 






• am 21 *7 T4V tto K*z MD t?tt TJ TM and anv 






OCner otauo wniCu x.5 a v^ou uxac u J.uy ouaucs 






ot cue fjiirasxan racent convention ana ui. 






the PCT 






co • iv rn Tair putT.T PV "m? DTT T5"G FT FR GB GR 
Hair Z Al o£j dlocXjJ. V— x JL/Cj xvrv £iO r x x* x% varo \7ax 






IE IT LU MC NIi PT SE and any other State 






which is a Contracting State of the 






European Patent Convention and of the 






PCT 






OA: BF BJ CF CG CI CM GA GN GW ML MR NE 






SN TD TG and any other State which is a 






member State of OAPI and a Contracting 






State of the PCT 



PCT REQUEST 
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Original (for SUBMISSION) - printed on 28.06.2000 08:23:14 AM 



50236 



National Patent 

(other kinds of protection or treatment, if 
any, are specified between parentheses 
after the designation(s) concerned) 



AE 


AG 


ALi 


AM 


AT 


AU 


AZ 


BA 


BB 


BG 


BR 


BY 


BZ 


CA 


CH&IiX 


CN 


CR 


CU 


CZ 


DE 


DK 


DM 


DZ 


EE 


ES 


FI 


6B 


GD 


GE 


GH 


GM 


HR 


HU 


ID 


IL 


IN 


IS 


JP 


KE 


KG 


KP 


KR 


KZ 


LC 


LiK 


LR 


LS 


LT 


LU 


LV 


MA 


MD 


MG 


MK 


MN 


MW 


MX 


MZ 


NO 


NZ 


PL 


PT 


RO 


RU 


SD 


SB 


SG 


SX 


SK 


SI. 


TJ 


TM 


TR 


TT 


TZ 


UA 


UG 


US 


UZ 


VN 


YU 


ZA 


ZW 

















Precautionary Designation Statement 
In addition to the designations made 
under items V-1 , V-2 and V-3, the 
applicant also makes under Rule 4.9(b) 
all designations which would be 
permitted under the PCT except any 
designation(s) of the State(s) indicated 
under item V-6 below. The applicant 
declares that those additional 
designations are subject to confirmation 
and that any designation which is not 
confirmed before the expiration of 15 
months from the priority date is to be 
regarded as withdrawn by the applicant 
at the expiration of that time limit. 



Exclusion(s) from precautionary 
designations 



NONE 



Priority claim of earlier national 
application 

Filing date 

Number 
Country 



19 July 1999 (19,07,1999) 

991619 

FI 



Priority document request 

The receiving Office is requested to 
prepare and transmit to the International 
Bureau a certified copy of the earlier 
application(s) identified above as 
item(s): 



VI-1 



International Searching Authority 
Chosen 



Swedish Patent Office (ISA/SE) 



Check list 



number of sheets 



electronic file(s) attached 



Request 



Description 



30 



Claims 



Abstract 



50236.txt 



Drawings 



8 



TOTAL 



47 



Accompanying items 



paper document(s) attached 



Fee calculation sheet 



electronic file(s) attached 



Copy of general power of attorney 



PCT-EASY diskette 



diskette 



Figure of the drawings which should 
accompany the abstract 



13 



Language of filing of the international 
application 



English 




PCT REQUEST 

Original {for SUBMISSION) - printed on 28.06.2000 08:23:14 AM 



IX-1 


Signature of applicant or agent 




IX-1-1 


Name 


BERQGREN OY AB 




Name of signatory 


Sirpa Kuisma 


IX-1 -3 


Capacity 


Patent: Attorney 




FOR RECEIVING OFFICE USE ONLY 


10-1 


Date of actual receipt of the 
purported international application 




10-2 


Drawings: 




10-2-1 


Received 




10-2-2 


Not received 




10-3 


Corrected date of actual receipt due 
to later but timely received papers or 
drawings completing the purported 
international application 




10-4 


Date of timely receipt of the required 
corrections under PCT Article 11(2) 




10-5 


International Searching Authority 


ISA/SE 


10-6 


Transmittal of search copy delayed 
until search fee Is paid 






FOR INTERNATIONAL BUREAU USE ONLY 


11-1 


I Date of receipt of the record copy by 
I the International Bureau 
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PCT (ANNEX - FEE CALCULATION SHEET) 

Original (for SUBMISSION) - printed on 28.06.2000 08:23:14 AM 

(This sheet is not part of and does not count as a sheet of the international application) 



50236 



0 

0-1 


For receiving Office use only 

International Application No. 




0-2 


Date stamp of the receiving Office 








0-4 

0-4-1 


Form - PCT/RO/101 (Annex) 
PCT Fee Calculation Sheet 
Prepared using 


PCT-EASY Version 2.90 
(updated 10.05.2000) 


0-9 


Applicant's or agent's file reference 


50236 


2 


Applicant 


NOKIA MOBILE PHONES LTD . , et al . 


12 

12-1 

12-2 
12-3 

12-4 
12-5 
12-6 
12-7 
12-8 

12-9 

12-10 
12-11 
12-12 
12-13 
12-14 

12-15 
12-16 


Calculation of prescribed fees 


fee amount/multiplier 


total amounts (FIM) 




Transmittal fee T 




800 




Search fee S 




5 618 




International fee 
Basic fee 
(first 30 sheets) b1 


2 431,8 




Remaining sheets 


17 


Additional amount (X) 


53,51 


Total additional amount b2 


909,67 


b1 + b2 = B 


3 341,47 


Designation fees 

INUmQcr QI Ucoiyi lalHJi lo <*UI Hall lev) 

in international application 


87 


Number of designation fees 
payable (maximum 8) 


8 


Amount of designation fee (X) 


523,22 


Total designation fees D 


4 185,76 


PCT-EASY fee reduction R 


-749,16 


Total international fee (B+D-R) i 




6 778,07 




Fee for priority document 

Number of priority documents 
requested 


1 




Fee per document (X) 


422 


Total priority document fee P 




422 




12-17 


TOTAL FEES PAYABLE (T+S+l+P) 




13 618,07 




12-19 


Mode of payment 


cheque 




VALIDATION LOG AND REMARKS 


13-2-3 


Validation messages 
Names 


Green? 

Applicant l.;Telephone No. missing 






Green? 

Applicant 1. : Facsimile No. missing 


13-2-6 


Validation messages 
Contents 


Green? 

Reference number for attached copy of 
general power of attorney not indicated. 
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PCT (ANNEX - FEE CALCULATION SHEET) 

OriginaJ (for SUBMISSION) - printed on 28.06.2000 08:23:14 AM 
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13-2-7 



Validation messages 
Fees 



Green? 

Please verify that modified fee amounts 
are correct . 



, . ***** nr more Authorities are competent 
nth the one chosen by the applu^nt^^ W 



PCT 

DEMAND 



[ CHAPTER II 



under Article 31 ^^^SSSSlSl^^ the subject of 



F0 r Internationa. Preliminary Examining Authority use only 



Identification oflPEA 



toernational fUing date (daylm~onthtyear) 
29 June 2000 (29.06.00) 



not, nf receipt of DEMAND 

Applicant's or agent's file reference 
50236/SKU/PKK 
(Earliest) Priority date (day/montUyear) 
19 July 1999 (19 07.99) 



i B oxNo3I APPLICANT(S) _____ 



Telephone NoiZi 



State fltaf «*• «T<> of nationality: Hnia „u _ 

Finland Tl^ZlZ^^ 



Teleprinter NoS 



State (that is. country) of residence: 
Finland 



Facsimile No2 



rSSa A 14 Jy B45.F.N-00530HELS,NK l .Rn l and 



State (that is. country) of nationality: 



State (that is. country) of residence: 
Finland 



State (mat is. w.-j,, piniana 

Hj_and__ __ === — ^^^^^^^^^^^^^ 

Name and address: M"-**" 



State (that is. country) of nationality: 
Finland 




I Stat 



See Notes to the demand form 



Sheet NoD §3j 


International application NoC 

PCT/FI00/00591 


Continuation of Box NoOI APPUCANT(S) 






1/ none of the following sub-boxes is used, this sheet should not be included in the demandO 


Name and address: (Family name followed by given name; for a legal entity, foil official designation^ The address trust include postal code and name of countryl 


ELLA, Juha 

Kaariaisentie 5, FIN-24800 HALIKKO. Finland 




! 

t 

! 

i 
I 


State fihat is, country) of nationality: 

Finland 


State (that is, country) of residence: 

Finland 


Name and address: (Family name followed by given name; for a legal entity, foil official designation- The address must include postal code and name of country)! 


State (that is, country) of nationality: 


State (that is, country) of residence: 


Name and address: (Family name followed by given name; for a legal entity, foil official designation - The address must indude postal code and name of country}} 



State (that is, country) of nationality: 



State (that is, country) of residence: 



Name and address: (Family name followed by given name; for a legal entity, foil official designationlVne address must xude postal code and name of country^ 



State (that is, country) of nationality: 



State (that is, country) of residence: 



| | Further applicants are indicated on another continuation sheet □ 



Form PCT/IPEA/40I (continuation sheet) (July 1998; reprint January 2001) 



See Motes to the demand form 



Sheet 



International application NoC 
PCT/FI00/00591 



BoxNoHII AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The following person is [x] agent ~ common representative 

and \x\ has been appointed earlier and represents ±t app!icant(s) also for international preliminary examination? 
□ is hereby appointed and any earlier appoint of (an) agent(sVcommon representative is hereby revoked □ 
ri is hereby appointed, specifically for the rrccedure before the International Preliminary Examining Authority, in addition to i 
' — : the agent(s)/common representative appcsited earlier. 



Name and address* (Family name followed by given nsrus: for a legal entity, full official designationu 
Name ana aaaress. ^ inciude cu ^ ^ name oj country® 

BERGGREN OY AB 

P.O. Box 16, FIN-00101 HELSINKI, Finland 



Telephone No- 
+358 9 693 701 



Facsimile No I 

+358 9 693 3944 



Teleprinter No 2 



I — | Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and the 
I I space above is used instead to indicate a special addr ess to which correspondence sho uld be sentu 



Box NoOV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION 



Statement concerning amendments:* 

I □ The applicant wishes the international prelimirsr/ examination to start on the basis of: 
PH the international application as originally fled 
the description £x] as originally filed 

| | as amended under Arrcle 34 

the claims [j§ as originally filed 

| ) as amended under Ariel* 19 (together with any accompanying statement) 
| | as amended under Aricle 34 

the drawings Qc] as originally filed 

| | as amended under Aricle 34 

2G Q The applicant wishes any amendment to ±e claims under Article 19 to be considered as reversed" 

3 n I - ] The applicant wishes the start of the intentional prelhninary examination to be postponed until the expiration of 20 months 
~ L - 1 from the priority date unless the Intemafccal Preliminary Examining Authority receives a copy of any amendments made 
under Article 19 or a notice from the aptccant that he does not wish to make such amendments (Rule 69W))V(Thts check- 
box may be marked only where the time 3rtfr under Article 19 has not yet expired® 
* Where no check-box is marked, international rreliminary examination will start on the basis of the international application 
as originally filed or, where a copy of amendmes :o the claims under Article 1 9 and/or amendments of the international applicatton 
under STScd by the Internationa: P^liminary Examining Authority before it has begun to draw up a written opinion 
or the international preliminary examination report, as so amendedO 



Language for the purposes of international prefiminary examination: ffKaHshrmTrT* ihint.i,nh;, ; ;UimninmillHiim minE 

fx] which is the language in which the international application was filed □ 

pT[ wnich is the language of a translation famished for the purposes of international search! 

fx] which is the language of publication of ±e international applicationQ 

□ which is the language of the translation no be) furnished for the purposes of international preliminary examination? 



Box No 3' ELECTION OF STATES 



The applicant hereby elects all eligible States (&= 'J. all States which have been designated and vhich are bound by Chapter II of 
the PCT) 

excluding the following States which the applies; wishes not to elect: 



Form PCT/lPEA/401 (second sheet) (July 1998; rerrz: January 2001) 



See Notes to the demand form 



Sheet Nou 



International application NoG 
PCT/FI00/00591 



BoxNoCVI CHECKLIST 



The demand is accompanied by the following elements, in the language referred to in 
Box No CIV, for the purposes of international preliminary examination: 

1 ~ translation of international application : sheets 


For International Preliminary 
Examining Authority use only 

received not received 

□ □ 


2 .2 amendments under Article 34 : 


sheets 


□ 


□ 


3 □ copy (or, where required, translation) of 

amendments under Article 19 : 


sheets 


□ 


□ 


4Q copy (or, where required, translation) of 
statement under Article 19 


sheets 


□ 


□ 


50 letter : 


sheets 


□ 


□ 


60 other (speci/yj : 


sheets 


□ 


□ 



The demand is also accompanied by the item(s) marked below: 

1 □ | y | fee calculation sheet 

2 □ [^J separate signed power of attorney 

3 G I | copy of general power of attorney; 

reference number, if any: 



4_ | | statement explaining lack of signature 

5 Z I I nuc leoude and < 

' computer readal 

6 Z j | other (specify) : 



5 ^1 I nucleotide and or amino acid sequence listing in 
1 1 computer readable form 



Box No~yiI SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 



! Next to each signature, indicate the name of the person signing and the capacity in which the person signs Qf such capacity is not obvious from reading the demancOC 



BERGGREN OY AB 
SirpaJ Kuisma 

Patent Attorney Helsinki, Finland, 1 5 February 2001 



For International Preliminary Examining Authority use only 



I Q Date of actual receipt of DEMAND: 



2 □ Adjusted date of receipt of demand due 
to CORRECTIONS under Rule 60 3(b): 



i 1 The date of receipt of the demand is AFTER the expiration of 1 9 months 

~ I 1 from the priority date and item 4 or 5, below, does not applyG 



□ The applicant has been 
informed accord inglyG 



43 r— | The date of receipt of the demand is WITHIN the period of 19 months from the priority date as extended by virtue of 



Rule 803 = 



5 n | 1 ^ Ithou ^ 1 thc date of receipt of the demand is after the expiration of 19 months from the priority date, the delay in arrival 



; EXCUSED pursuant to Rule 82 G 



For International Bureau use only 



Demand received from IPEA on: 



Form PCT/IPEA/401 (last sheet) (July 1998; reprint January 2001) 



See Notes to the demand form 



PCT 



CHAPTER II 



FEE CALCULATION SHEET 
Annex to the Demand for international preliminary examination 

— For International Preliminary Examining Authority use only — • 



International 




application No I 


PCT/FI00/00591 


Applicant's or agent's 
file reference 


50236/SKU/PKK 



Applicant 



Date stamp of the IPEA 



NOKIA MOBILE PHONES LTD. 



Calculation of prescribed fees 



1 Z Preliminary examination fee UK «nminiiii )iHll!lim! 



2C Handling fee (Applicants from certain States are 
entitled to a reduction of 75% of the handling feeD 
Where the applicant is (or all applicants are) so en- 
titled, the amount to be entered at H is 25% of the 
handling fee J "II ill »iiinniiHi.,ii!tin-Tr 



SEK 4200 



SEK1270 



H 



3 _ Total of prescribed fees 

Add the amounts entered at P and H 

and enter total in the TOTAL box = ■liiiiiiHiHiiiii'.n.'H: 



SEK 5470 



TOTAL 



Mode of Payment 

. ! authorization to charae deposit 
I account with the IPEA (see below) 

| j cheque 

'[_ | postal money order 



i bank draft 
via SWIFT through account 
5439-10-013-49 



| j cash . 

QH revenue stamps 

[~j coupons 

j~l other (specify): 



Deposit Account Authorization (this mode of payment may not be available at all IPEAs) 

The IPEA/ SE | j is hereby authorized to charge the total fees indicated above to my deposit accountD 

□ (this check-box may be marked only if the conditions for deposit accounts of the IPEA so permit) is hereby 
authorized to charge any deficiency or credit any overpayment in the total fees indicated above to 
my deposit accountZ 



Deposit Account Number 



Date (day/month/year) 



Signature 



Form PCT/IPEA/401 (Annex) (July 1993; reprint January 2001) 



See Notes to the fee calculation sheet 



rR^rv 



PATENT COOPERATION Tl 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant" s or agent's file reference 
50236 


FOR FURTHER ACTION See Notification of Transmittal of International 

^ * 1 Preliminary Examination Report (Form PCT/IPEA/4 16) 


International application No. 
PCT/FI00/00591 


International filing date (day month year) Priority date (day month year) 
29.06.2000 19.07.1999 


International Patent Classification (IPC) or national classification and IPC7 
H03H 9/17, H01L 41/08 


Applicant 

Nokia Mobile Phones Ltd. et ai 



1 . This international preliminary examination report has been prepared by this International Preliminary Examining 
Authority and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 



sheets, including this cover sheet. 



I ] This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70. 16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 



sheets. 



This report contains indications relating to the following items: 
I Basis of the report 

Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicabilitv; 
citations and explanations supporting such statement 

Certain documents cited 



I 


X 


II 




III 


□ 


IV 


□ 


V 




VI 




VII 


□ 


VIII 


□ 



Date of submission of the demand 
15.02.2001 


Date of completion of this report 

09,07.2001 


Name and mailing address of the IPEA/SE 

r a tent- och registr^ringsvsrkst Telex 
Ecx 5055 17?78 
S-102 4 2 STOCKHOLM PATORE 

Facsimile No. 08-667 72 8 8 


Authorized officer j 

Antonio Farieta/EE 

Telephone No. 08-782 25 00 



'^■fWLNARY EXAMLNATION REPORT 

w m 



_ m ^Jnlemational application No. 

LNTERNATIONAL Pfl ^VimARY EXAMLNATION REPORT 

CT/FI00/00591 



I. Basis of the report 



1. With regard to the elements of the international application:* 
[X] the international application as originallv filed 

the description: 

pages 9 as originally filed 

pages . . , filed with the demand 

P a ? es , filed with the letter of ^ 

the claims: 

pages - _ , as originally filed 

pages > as amended (together with any statement) under article 19 

pages _ , filed with the demand 



P a S es , filed with the letter of 

1 1 the drawings: 



pageS — , • 35 originally filed 

pages : - : , filed with the demand 



P a S es . , filed with the letter of 

□ 

the sequence listing part of the description: 



pageS , as originally filed 

pages — , filed with the demand 

P a £ es , filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished lo this Authority in the lanouage in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

I I the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 
| | the language of publication of the international application (under Rule 48.3(b)). 

I - ] the language of the translation furnished for the purposes of international preliminary examination (under Rules 55 2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preli minary examination w as carried out on the basis of the sequence listing: 

| | contained in the international application in written form. 

I | fi^d together with the international application in computer readable form. 

| | furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readable form. 

| | The statement that the subsequently furnished written sequence listing does not go bevond the disclosure in the 
international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical lo the written sequence Iistins has 
been furnished. 

The amendments have resulted in the cancellation of: 

1 1 the description, pages 

1 1 the claims, Nos. 

I 1 the drawings, sheet/fig 

5. 1 I 71115 report has beeri established as if (some of) the amendments had not been made, since thev have been considered to eo 
1 beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2 (c)). ** 

Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
m this repair as "originally fled" and are annexed to this report since they do not contain amendments (Rules 70 16 
and 70. 17). 

Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 



Form PCT/lPEA/409 (Box I) (January 1998) 



INTERNATIONAL 
II. Priority 



UNARY EXAMINATION REPORT 



ntemational application No. 
[PCT/FI00/00591 



' ' □ STE^SS" eStabHShed 35 ^ n ° Pri0ri,y ^ bee " daimed dUe l ° * e fai,Ure to ,Umish ^ *e prescribed time 
copy of the earlier application whose priority has been claimed (Rule 66.7(a)). 
I 1 ,ransla, '°n of *e earlier application w hose priority has been claimed (Rule 66.7(b)). 

2 " n ssStt established 35 ifno priority had been ciaimed due to 016 fact ,i,at ,,,e priorhv daim has ^ <-°^ 

Thus for the purposes of this report the international filing date indicated above is considered to be the relevant date. 
3. Additional observations, if necessarv: 



The priority is considered valid. Document WO 9959244 A2 is 
therefore of no .relevance . 



Form PCT/IPEA/409 (Box U) (January 1998) 



INTERNATIONAL 



ARY EXAMINATION REPORT 



(International application No. 
PCT/FI00/00591 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability- 
citations and explanations supporting such statement * 



I . Statement 

Novelty (N) 

Inventive step (IS) 

Industrial applicability (IA) 



Claims 1-35 
Claims 



Claims 1-35 
Claims 



Claims 1-35 
Claims 



YES 
NO 

YES 
NO 

YES 
NO 



2. Citations and explanations (Rule 70.7) 

The claimed invention relates to a resonator structure and 
filter having such a resonator structure. The resonat 
structure (600, 800, 810, 820) comprises two conductor laye 
(110, 120) and a piezoelectric layer (100) in between t 
conductor layers. Said conductor layers and piezoelectr 
layer extend over a first area of the resonator structur 
which first area is a piezoelectrically excitable area of t 
resonator structure. The resonator structure is characteriz 
in that it is arranged to have a zone (603, 801, 803, 804 
which confines a center area (604, 802) within the first ar 
of the resonator. The layer structure in the zone is arrang- 
to be such that piezoelectrically excited vibrations ar 
dampened more effectively in the zone than in the center area 



a 
or 



ed 



The following documents were cited in the International Sear-"- 
Report : 

Dl) US 5884378 A 
D2) US 4468582 A 
D3) US 4870313 A 



Document Dl discloses a method for manufacturing a high r» 
factor resonator (15) comprising the coupling of a substra^ 
(110) to a resonator layer (150) . A second electrode (159) i- 
contained within a cavity (120) between the substrate and th~ 
resonator layer, and is separated from the second surface of 
the resonator by a gap that is 0.05-1 micro m wide. Th= 
resonator is small, lightweight and robust. It has spli^ 
mechanical support, and includes a high Q factor, narrow- 
bandwidth frequency selection characteristics together wil- 
low power consumption and low insertion loss. 



./. 



INTERNATIONAL 



INARY EXAMINATION REPORT 



1 



.llemational application No. 
CT/FI00/00591 



Supplemental Bus 

(To be used when the space in any of the preceding boxes is not sufllcient) 



Continuation of: V 



Document D2 discloses a resonant frequency adjustment for a 
piezoelectric chip that uses a laser beam to remove sections 
of the chip electrodes to produce the length for required 
frequency. 



Document D3 discloses a piezoelectric resonator overtone 
generator that realises energy confinement of desired 
vibration order by cut-off frequency control. Desired overtone 
frequencies can be generated with no need of a LC resonance 
circuit . 

The methods and systems that are disclosed in documents Dl - 
D3 show only the general state of the art of the claimed 
invention. However, none of these documents discloses any 
method or arrangement that solve the problems associated with 
producing a resonator where the piezoelectrically excited 
strongest mode is a piston mode, as it is solved in the 
present invention. 

Neither/nor of the cited documents Dl - D3, whether considered 
alone or m combination, suggest a solution according to the 
present invention as defined in independent claims 1 and 35 
Therefore, it can be conclude that a man skilled in the art* 
being faced with the problems described above and having 
knowledge of the cited documents, would not know how to modify 
and/or improve the methods and/or arrangements so that would 
lead to a method and/or an apparatus, as the one claimed in 
the present application. 



Therefore, the invention according to claims 1-35 is novel 
(N) , is considered to involve an inventive step (IS) and is 
considered to have industrial applicability ( IA) . 



INTERNATIONAL 



EVIINARY EXAMINATION REPORT 



VI. Certain documents cited 



Litemational application No. 
PCT/FI00/00591 



I . Certain published documents (Rule 70. 10) 



Application No. 
Patent No. 



Publication date 
(day month year) 



Filing date 
(day month year) 



Priority date (valid claim) 
(day month year) 



WO 9959244 A2 18.11.1999 



07.05.1999 



08.05.1998 



2. Non-written disclosures (Rule 70.9) 

Kind of non-written disclosure 



Date of non-written disclosure 
(day month year) 



Date of written disclosure 
referring to non- written disclosure 
(day month-year) 



Form PCT/IPEA/409 (Box VI) (January 1998) 



(12) INTERNATIO 



>na^^>: 



UCATION PUBLISHED UNDER THE Pi 



COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
25 January 2001 (25.01.2001) 




PCT 



(10) International Publication Number 

WO 01/06647 Al 



(51) International Patent Classification 7 : HQ3H9/17, 
HO 1L 41/08 



(74) Agent: BERGCREN OY AB; P.O. Box 16, FIN-00101 
Helsinki (FI). 



(21) International Application Nnnben PCI7FHXV0G591 

(22) International Filing Date: 29 June 2000 (29.06.2000) 

(25) Filing Language: 

(26) Publication Language: 



(30) Priority Data: 
991619 



19 July 1999 (19X7.1999) PI 



(71) Applicant (for all designated States except US)i NOKIA 
MOBILE PHONES LTD. [FI/FT]; Keflalahdentie 4, FIK- 
02150 Espoo (FI). 

(72) Inventors; and 

(75) Inventors/Applicants (for US onfy)z KAJTCLA, Jyrki 
[FI/FI] ; 4. Linja 1 4 B 45 , FIN-00530 Helsinki (FI). YLIL- 
AMML Markka [FI/FT]; Peraszn 2A, FIN-02320 Espoo 
(FI). ELLA, Juha [FI/FI]; Kaamsentie 5. FIN-24800 Ha- 
Ukko(H). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ. 
DE, DK, DM, DZ, EE, ES, Ft GB, GD, GE, GH, GM, HR. 
HU, ID, DL, IN, IS, JP, KE, EG, KP, KR, KZ, LC, LK, LR, 
LS , IT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PL, FT, RO, RU, SD, SE, SG, SI, SK, SL, 17, TM, 
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent ( AT, BE, CH, CY. DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC NL. FT, SEX OAPI patent (BF, BJ, CF, CG, 
d, CM, GA, GN, GW, ML, MR, NE, SN, ID, TG). 

Pw Wished: 

— With international search report. 

For two-letter codes and other abbreviations, refer to the "Guid' 
ance Notes on Coaes and Abbreviations" appearing at 
rang of each regular issue of the PCT Gazette. 



(54) Title: RESONATOR STRUCTURE AND A FILTER COMPRISING SUCH A RESONATOR STRUCTURE 



100 



110 









1 








% 






110 




1300 



O 



210 



(57) Abstract: A resonator structure ( 1200, 1300. 1400), where a certain wave mode is pte7oe1erfrically excitable, comprises at least 
two conductor layers (1 10, 120) and at least one piezoelectric layer (1 10) in between the conductor layers, said conductor layers and 
piezoelectric layer extending over a first area of the resonator sxrncmre, which first area is a piezoelectrically excitable area of the 
resonator structure. The resonator structure is characterized in that k comprises a frame-like zone (2, 4) confining a center area (3) 
within the first area, a cut-off frequency of the piezoelectrically excited wave mode in the layer structure of the frame-like zone is 
different from that in the layer structure of the center area, and width of the frame-Kke zone and acoustical properties of the layer 
structure in the frame-like zone are arranged so that displacement relating to the paezoelectricalry excited strongest resonance mode 
is substantially uniform in the center area of the resonator. 



INTERNATiq^fc SEARCH REPORT 



lational application No. 

PCT/FI 00/00591 



A. CLASSIFICATION OF SUBJECT MATTER 






IPC7: H03H 9/17, H01L 41/08 t _ _ 

According to International Patent Classification (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

IPC7: H03H, H01L, H01P 


Documentation searched other than minimum documentation to the extent that such documents are included in the Melds searched 

SE,DK,FI,N0 classes as above 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


p,x 

P,A 


WO 9959244 A2 (SIEMENS AKTIENGESELLSCHAFT), 
18 November 1999 (18.11.99), page 1, 
line 9 - page 3, line 2; page 3, line 13 - page 5, 
line 9 


1-5,7-10, 
15-21,32-35 

6,11-14, 
22-31 


A 


US 5884378 A (MICHAEL DYDYK), 23 March 1999 

(23.03.99), column 2, line 29 - column 3, line 32; 
column 6, line 22 - line 41 


1-35 


)(j Further documents are listed in the continuation of Box C. | )j See patent family annex. 


* Special categories of a ted documents 

* A* document defining the general state of the art which is not considered 

to be of particular rdevance 
*E* earlier appli canon or patent but published on or after the international 
filing date 

*L* document which may throw doubts on priority c!aim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O' document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later than 
the priority date d aimed 


T* later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X* document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance: the d aimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

*Sf document member of the same patent family 


Date of the actual completion of the international search 

30 October 2000 


Date of mailing of the international search report 

02 -11- 2000 


Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 


Authorized officer 

Antonio Farieta/MN 

Telephone No. + 46 8 782 25 00 



Form PCT/ISA/210 (second sheet) (July 1998) 
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SEARCH REPORT 



iternational application No. 

PCT/FI 00/00591 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 4468582 A (Y0SHIR0 FUJIWARA ET AL), 
28 August 1984 (28.08.84), column 1, 
line 49 - column 2, line 9; column 5, 
line 66 - column 6, line 13 



US 4870313 A (K0UICHI HI RAMA ET AL), 26 Sept 1989 

(26.09.89), column 2, line 22 - column 3, line 50 



1-35 



1-35 



Form PCT/ISA/210 (continuation of second sheet) (July 1998) 
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JNTERNATI< 
Information 



on pate 



^ SEARCH REPORT 

Itent family members 



a 



03/10/00 



lational application No. 

PCT/FI 00/00591 



WO 


9959244 


A2 


18/11/99 


NONE 






us 


5884378 


A 


23/03/99 


us 


5596239 A 


21/01/97 


us 


4468582 


A 


28/08/84 


DE 


3379566 D 


00/00/00 










EP 


0092427 A,B 


26/10/83 










JP 


58182910 A 


26/10/83 










JP 


58188916 A 


04/11/83 










JP 


58190112 A 


07/11/83 


us 


4870313 


A 


26/09/89 


DE 


3650562 D,T 


20/03/97 










EP 


0220320 A,B 


06/05/87 










EP 


0680142 A 


02/11/95 










JP 


2640936 B 


13/08/97 










JP 


62168409 A 


24/07/87 










KR 


9205610 B 


09/07/92 










SG 


48443 A 


17/04/98 










WO 


8606228 A 


23/10/86 










JP 


62169508 A 


25/07/87 










JP 


2640937 B 


13/08/97 










JP 


62169509 A 


25/07/87 










JP 


2079895 C 


09/08/96 










JP 


7077334 B 


16/08/95 










JP 


62169510 A 


25/07/87 










JP 


61236208 A 


21/10/86 










JP 


1783564 C 


31/08/93 










JP 


4076527 B 


03/12/92 










JP 


61277214 A 


08/12/86 
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Copy for the Elected Office (EO/US) 
^TENT COOPERATION TR 
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# 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF THE RECORDING 

(PCT Rule 92bis.1 and 
Marninisiraiive insiruciions, oecuon 


To: 

BERGGREN OY AB 
P.O. Box 16 
FIN-00101 Helsinki 
FINLANDE 


Date of mailing (day/mo nth/year) 
09 January 2002 (09.Q1;.02) 


Applicant's or agent's file reference 
50236 


IMPORTANT NOTIFICATION 


International application No. 
PCT/FIOO/00591 


International filing date (day/month/year) 
29 June 2000 (29.06.00) 



1. The following indications appeared on record concerning: 

X the applicant j | the inventor [ | the agent j J the common representative 


Name and Address 

NOKIA MOBILE PHONES LTD: 
Keilalahdentie 4 
FIN-02150 Espoo 
Finland 


State of Nationality 
Fl 


State t of Residence , 
Fl tc r« 


Telephone No. 


Facsimile No. 


Teleprinter No. 


2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 
[ *] the person X the name | J the address [ ] the nationality |~ | the residence 


Name and Address 

NOKIA CORPORATION 
Keilalahdentie 4 
FIN-02150 Espoo 
Finland 


State of Nationality 


State of Residence 


Telephone No. 


Facsimile No. 


Teleprinter No. 


3. Further observations, if necessary: 




4. A copy of this notification has been sent to: 
| X| the receiving Office | J the designated Offices concerned 
| | the International Searching Authority | X| the elected Offices concerned 
j J the International Preliminary Examining Authority j~j other: 





The International Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 

Facsimile No.: (41-22) 740.14.35 


Authorized officer 

Jaime LEITAO 

Telephone No.: (41-22) 338.83.38 
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From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 

(PCT Rule 61.2) 


To: 

Commissioner 

US Department of Commerce 

United States Patent and Trademark j 

Utfice, rL 1 

2011 South Clark Place Room 
CP2/5C24 

Arlington, vm zzzuz 
ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 


Date of mailing (day/month/year) 
21 March 2001 (21.03.01) 


International application No. 
PCT/FI00/00591 


Applicant's or agent's file reference 
50236 


International filing date (day/month/year) 
29 June 2000 (29.06.00) 


Priority date (day/month/year) 
19 July 1999(19.07.99) 


Applicant 

KAITILA, Jyrki eta I 



1. The designated Office is hereby notified of its election made: 

| X | in the demand filed with the International Preliminary Examining Authority on: 

15 February 2001 (15.02.01) 



in a notice effecting later election filed with the International Bureau on: 



2. The election | X | was 

| j was not 

made before the expiration of 1 9 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 



The International Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 



Facsimile No.: (41-22) 740.14.35 



Authorized officer 

Charlotte ENGER 

Telephone No.: (41-22)338.83.38 
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(PCT Article 36 and Rule 70) 


4k 


Applicant's or agent's file reference 
50236 


™« ri ,nx U ro a ptiaw Sce Notification of Transmittal of International 

FOR FURTHER ACTION Preliminary Elimination Report (Form PCT/IPHA/416) 


International application No. 
PCT/FI00/00591 


International filing date (day month year) 
29.06.2000 


Priority date (day month year) 
19.07.1999 


International Patent Classification (IPC) or national classification and LPC7 




H03H 9/17, H01L 41/08 






Applicant 

Nokia Mobile Phones Ltd. et al 



This international preliminary examination report has been prepared by this biternational Preliminary Examining 
Authority and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 



sheets, including this cover sheet. 



□ This report is also accompanied bv ANNEXES, i.c. : sheets of the description, claims and/or drawings w hich have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(sec Rule 70. 16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 



sheets. 



This report contains indications relating to the following items: 
Basis of the report 
Priority 



Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability: 
citations and explanations supporting such statement 

Certain documents cited 



I 


El 


II 


El 


III 


□ 


IV 


□ 


V 




VI 




VII 


□ 


VIII 


□ 



Certain defects in the international application 
Certain observations on the international application 



Date of submission of the demand 

15.02.2001 


Date of completion of this report 

09.07.2001 


Name and mailing address of the IPEA/SE 

Fa tent- r??h reai rt r e r i nq.-verket Tele:: 
Pc:-: 5055 " 1 7 ^° 
5-102 12 ST°7KH' 'LI ! FAT r, kfvl-S 

Facsimile No. 08-667 72 88 


Authorized officer 

Antonio Farieta/EE 

Telephone No. 08-782 25 00 



Form PCT/IPEA/409 (cover sheet) (January 1998) 



INTERNATIONAL PmBRmINARY EXAMINATION REPORT 



ternational application No. 
PCT/FI00/00591 



I. Basis of the report 

1 With regard to the elements of the international application * 
the international application as originally filed 

1 | the description: 

pages 

pages 

pages 



. as originally filed 



. filed with the demand 



. filed with the letter of 



j_J the claims: 
pages 

pages 

pages 

pages 



. as originally filed 



. as amended (together with any statement) under article 19 

. filed with the demand 



. filed with the letter of 



1 | the draw bigs 
pages 

pages 

pages 



. as originally filed 



, filed with the demand 



. filed with the letter of 



| | the sequence listing part of the description: 

pages m 

pages 

pages 



, as originally filed 



. filed with the demand 



filed with the letter of 



2 With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
' the international application was filed, unless otherwise indicated under tins item. 

These elements were available or furnished to this Authority in the following language 

□ the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 
I — I the language of publication of the international application (under Rule 48.3(b)). 

HH the language or the translation furnished for the purposes of international preliminary examination (under Rules 55.2 and/ 
' — ' or 55.3). 

3 With regard to am nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 
[ [ contained in the international application in written form. 
| | filed together with the international application in computer readable form. 
| | furnished subsequently to this Authority in written form. 
I I furnished subsequently to this Authority in computer readable form. 

r=j Thc statement that the subsequentlv furnished written sequence listing docs not go beyond the disclosure in the 
n '^^^^r^^r^^Ucr readable form is identical to the written sequence listing has 

I 1 been furnished. 

4. The amendments have resulted in the cancellation of: 

| | the description, pages 

Qj the claims. Nos. 



[ _J the draw ings, sheet/fig 



r— 1 This report has been established as if (some of) thc amendments had not been made since they have been considered to go 
5 I I bevond thc disclosure as filed, as indicated in the Supplemental Box (Rule 70.2 (c)). 

* Replacement sheets uhich have been furnished to the receiving Office in response to an invitation \mder Article U are refened to 
in this report as ■ originally filed " and are annexed to this report since they do not contain amendments (Rules 70. 16 
and 70.17). 

Any replacement sheet containing such amendments must be referred to under item I and annexed to this report. 
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II. Priority 



□ This report has been established as if no priority had been claimed due to the failure to furnish within the prescribed til 
limit the requested: 

| [ copy of the earlier application whose priority has been claimed (Rule 66.7(a )). 

| [ translation of the earlier application w hose priority has been claimed (Rule 66.7(b)). 

2. I 1 This report has been established as if no priority had been claimed due to the fact that the priority claim has been (bun 

' ' invalid (Rule 64. 1 ). 

Thus for the purposes of this report, the international filing date indicated above is considered to be the relevant date. 

3. Additional observations, if necessary: 

The priority is considered valid. Document WO 9959244 A2 is 
therefore of no relevance. 



> 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1 . Statement 

Novelty (N) 

Inventive step (IS) 

Industrial applicability (IA) 



Claims 1-35 
Claims 



Claims 1-35 
Claims 



Claims 1-35 
Claims 



YES 
NO 

YES 
NO 

YES 
NO 



2. Citations and explanations (Rule 70.7) 

The claimed invention relates to a resonator structure and a 
filter having such a resonator structure. The resonator 
structure (600, 800, 810, 820) comprises two conductor layers 
(110, 120) and a piezoelectric layer (100) in between the 
conductor layers. Said conductor layers and piezoelectric 
layer extend over a first area of the resonator structure, 
which first area is a piezoelectrically excitable area of the 
resonator structure. The resonator structure is characterized 
in that it is arranged to have a zone (603, 801, 803, 804), 
which confines a center area (604, 802) within the first area 
of the resonator. The layer structure in the zone is arranged 
to be such that piezoelectrically excited vibrations are 
dampened more effectively in the zone than in the center area. 

The following documents were cited in the International Search 
Report : 

Dl) US 5884378 A 
D2) US 4468582 A 
D3) US 4870313 A 

Document Dl discloses a method for manufacturing a high Q 
factor resonator (15) comprising the coupling of a substrate 
(110) to a resonator layer (150) . A second electrode (159) is 
contained within a cavity (120) between the substrate and the 
resonator layer, and is separated from the second surface of 
the resonator by a gap that is 0.05-1 micro m wide. The 
resonator is small, lightweight and robust. It has solid 
mechanical support, and includes a high Q factor, narrow- 
bandwidth frequency selection characteristics together with 
low power consumption and low insertion loss. 



.../... 
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Supplemental Box . 

(To be used w hen the space in any of the preceding boxes is not sullicicnt) 



Continuation of: V 

Document D2 discloses a resonant frequency adjustment for a 
piezoelectric chip that uses a laser beam to remove sections 
of the chip electrodes to produce the length for required 
frequency. 



resonator 



overtone 
desired 



Document D3 discloses a piezoelectric 
generator that realises energy confinement of 
vibration order by cut-off frequency control. Desired overtone 
frequencies can be generated with no need of a LC resonance 
circuit . 

The methods and systems that are disclosed in documents Dl - 
D3 show only the general state of the art of the claimed 
invention. However, none of these documents discloses any 
method or arrangement that solve the problems associated with 
producing a resonator where the piezoelectrically excited 
strongest mode is a piston mode, as it is solved in the 
present invention. 

Neither/nor of the cited documents Dl - D3, whether considered 
alone or in combination, suggest a solution according to the 
present invention as defined in independent claims 1 and 35. 
Therefore, it can be conclude that a man skilled in the art, 
being faced with the problems described above and having 
knowledge of the cited documents, would not know how to modify 
and/or improve the methods and/or arrangements so that would 
lead to a method and/or an apparatus, as the one claimed in 
the present application. 

Therefore, the invention according to claims 1-35 is novel 
(N) , is considered to involve an inventive step (IS) and is 
considered to have industrial applicability (IA) . 
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VI. Certain documents cited 



I . Certain published documents (Rule 70. 1 0) 



Application No. 
Patent No. 



Publication date 
(day month year) 



WO 9959244 A2 18.11.1999 



Filing dale 
(day month year) 



07.05.1999 



Priority dale (valid claim) 
(day month year) 



08 . 05. 1998 



2. Non-written disclosures (Rule 70.9) 

Date of written disclosure 

Kind of non-w ritten disclosure Date of non-written disclosure referring to non-w ritten disclosure 

(day month year) (day month year) 
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Resonator structure and a filter comprising such a resonator structure 



The invention relates in general to piezoelectric resonators and to filters having 
piezoelectric resonators. In particular, the invention relates to a resonator structure, 
which is quite simple to manufacture and has good electrical properties. 

The development of mobile telecommunications continues towards ever smaller and 
increasingly complicated handheld units. The development leads to increasing 
requirements on the miniaturization of the components and structures used in the 
mobile communication means. This development concerns radio frequency (RF) 
filter structures as well, which despite the increasing miniaturization should be able 
to withstand considerable power levels, have very steep passband edges, and low 
losses. 

The RF filters used in prior art mobile phones are often discrete surface acoustic 
wave (SAW) filters or ceramic filters. Bulk acoustic wave (BAW) resonators are not 
yet in widespread use, partly due to the reason that feasible ways of combining such 
resonators with other circuitry have not been presented. However, BAW resonators 
have some advantages as compared to SAW resonators. For example, BAW 
structures have a better tolerance of high power levels. 

It is known to construct thin film bulk acoustic wave resonators on semiconductor 
wafers, such as silicon (Si) or gallium arsenide (GaAs) wafers. For example, in an 
article entitled "Acoustic Bulk Wave Composite Resonators", Applied Physics 
Letters, Vol. 38, No. 3, pp. 125-127, Feb. 1, 1981, by K.M. Lakin and J.S. Wang, an 
acoustic bulk wave resonator is disclosed which comprises a thin film piezoelectric 
layers of zinc oxide (ZnO) sputtered over a thin membrane of silicon (Si). Further, 
in an article entitled "An Air-Gap Type Piezoelectric Composite Thin Film 
Resonator", 15 Proc. 39th Annual Symp. Freq. Control, pp. 361-366, 1985, by 
Hiroaki Satoh, Yasuo Ebata, Hitoshi Suzuki, and Choji Narahara, a bulk acoustic 
wave resonator having a bridge structure is disclosed. 

Figure 1 shows one example of a bulk acoustic wave resonator having a bridge 
structure. The structure comprises a membrane 130 deposited on a substrate 200. 
The resonator further comprises a bottom electrode 110 on the membrane, a 
piezoelectric layer 100, and a top electrode 120. A gap 210 is created between the 
membrane and the substrate by etching away some of the substrate from the top 
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side. The gap serves as an acoustic isolator, essentially isolating the vibrating 
resonator structure from the substrate. 

In the following, certain types of BAW resonators are described first. 

Bulk acoustic wave resonators are typically fabricated on silicon (Si), gallium 
5 arsenide (GaAs), glass, or ceramic substrates. One further ceramic substrate type 
used is alumina. The BAW devices are typically manufactured using various thin 
film manufacturing techniques, such as for example sputtering, vacuum evaporation 
or chemical vapor deposition. BAW devices utilize a piezoelectric thin film layer 
for generating the acoustic bulk waves. The resonance frequencies of typical BAW 
10 devices range from 0.5 GHz to 5 GHz, depending on the size and materials of the 
device. BAW resonators exhibit the typical series and parallel resonances of crystal 
resonators. The resonance frequencies are determined mainly by the material of the 
resonator and the dimensions of the layers of the resonator. 

A typical BAW resonator consists of three basic elements: 
15 - an acoustically active piezoelectric layer, 

- electrodes on opposite sides of the piezoelectric layer, and 

- acoustical isolation from the substrate. 

The piezoelectric layer may be for example, ZnO, A1N, ZnS or any other piezo- 
electric material that can be fabricated as a thin film. As a further example, also 
20 ferroelectric ceramics can be used as the piezoelectric material. For example, 
PbTi0 3 and PbCZ^Ti^Oa and other members of the so called lead lanthanum 
zirconate titanate family can be used. 

The material used to form the electrode layers is an electrically conductive material. 
The electrodes may be comprised of for example any suitable metal, such as 
25 tungsten (W), aluminum (Al), copper (Cu), molybdenum (Mo), nickel (Ni), titanium 
(Ti), niobium (Nb), silver (Ag), gold (Au), and tantalum (Ta). The substrate is 
typically composed of for example Si, Si0 2 , GaAs, glass, or ceramic materials. 

The acoustical isolation can be produced with for example the following techniques: 

- with a substrate via-hole, 

30 - with a micromechanical bridge structure, or 

- with an acoustic mirror structure. 



In the via-hole and bridge structures, the acoustically reflecting surfaces are the air 
interfaces below and above the devices. The bridge structure is typically manu- 
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factored using a sacrificial layer, which is etched away to produce a free-standing 
structure. Use of a sacrificial layer makes it possible to use a wide variety of 
substrate materials, since the substrate does not need to be modified very much, as 
in the via-hole structure. A bridge structure can also be produced using an etch pit 
5 structure, in which case a pit has to be etched in the substrate or the material layer 
below the BAW resonator in order to produce the free standing bridge structure. 

Figure 2 illustrates one example of various ways of producing a bridge structure. 
Before the deposition of other layers of the BAW structure, a sacrificial layer 135 is 
deposited and patterned first. The rest of the BAW structure is deposited and 
10 patterned partly on top of the sacrificial layer 135. After the rest of the BAW 
structure is completed, the sacrificial layer 135 is etched away. Figure 3 shows also 
the substrate 200, a membrane layer 130, the bottom electrode 110, the piezoelectric 
layer 100, and the top electrode 120. The sacrificial layer can be realized using for 
example ceramic, metallic or polymeric material. 

15 In the via-hole structure, the resonator is acoustically isolated from the substrate by 
etching away the substrate from under a major portion of the BAW resonator 
structure. Figure 3 shows a via-hole structure of a BAW resonator. Figure 4 shows 
the substrate 200, a membrane layer 130, the bottom electrode 1 10, the piezoelectric 
layer 100, and the top electrode 120. A via-hole 211 has been etched through the 

20 whole substrate. Due to the etching required, via-hole structures are commonly 
realized only with Si or GaAs substrates. 

A further way to isolate a BAW resonator from the substrate is by using an 
acoustical mirror structure. The acoustical mirror structure performs the isolation by 
reflecting the acoustic wave back to the resonator structure. An acoustical mirror 

25 typically comprises several layers having a thickness of one quarter wavelength at 
the center frequency, alternating layers having differing acoustical impedances. The 
number of layers in an acoustic mirror is typically ranging from three to nine. The 
ratio of acoustic impedance of two consecutive layers should be large in order to 
present as low acoustic impedance as possible to the BAW resonator, instead of the 

30 relatively high impedance of the substrate material. In the case of a piezoelectric 
layer that is one quarter of the wavelength thick, the mirror layers are chosen so that 
as high acoustic impedance as possible is presented to the resonator. This is 
disclosed in US patent 5 373 268. The material of the high impedance layers can be 
for example gold (Au), molybdenum (Mo), or tungsten (W), and the material of the 

35 low impedance layers can be for example silicon (Si), polysilicon (poly-Si), silicon 
dioxide (Si0 2 ), aluminum (Al), or a polymer. Since in structures utilizing an 
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acoustical mirror structure, the resonator is isolated from the substrate and the 
substrate is not modified very much, a wide variety of materials can be used as a 
substrate. The polymer layer may be comprised of any polymer material having a 
low loss characteristic and a low acoustic impedance. Preferably, the polymer 
5 material is such that it can withstand temperatures of at least 350 °C, since relatively 
high temperatures may be achieved during deposition of other layers of the 
acoustical mirror structure and other structures. The polymer layer may be 
comprised of, by example, polyimide, cyclotene, a carbon-based material, a silicon- 
based material or any other suitable material. 

10 Figure 4 shows an example of a BAW resonator on top of an acoustical mirror 
structure. Figure 5 shows the substrate 200, the bottom electrode 110, the piezo- 
electric layer 100, and the top electrode 120. The acoustical mirror structure 150 
comprises in this example three layers 150a, 150b. Two of the layers 150a are 
formed of a first material, and the third layer 150b in between the two layers is 

15 formed from a second material. The first and second materials have different 
acoustical impedances as described previously. The order of the materials can be 
varied. For example, the material with a high acoustical impedance can be in the 
middle and the material with a low acoustical impedance on both sides of the 
middle material, or vice versa. The bottom electrode may also be used as one layer 

20 of the acoustical mirror. 

Figure 5 shows a further example of a BAW resonator structure. The BAW 
resonator illustrated in Figure 5 is a stacked resonator structure having two 
piezoelectric layers 100. In addition to the bottom 110 and top 120 electrodes, a 
stacked structure requires a middle electrode 115, which is connected to ground 
25 potential. Figure 6 further shows the membrane layer 130, the substrate 200 and the 
etch pit 210 isolating the structure from the substrate. 

The cut-off frequency for a resonator is determined by assuming that the crystal 
resonator is infinite in the lateral direction. It is thus determined directly by the 
material of the layers in the resonator structure and by the thickness of the layers. 
30 The cut-off frequency is the mechanical resonance frequency of a laterally infinite 
plate. 

The lateral dimensions of the resonator (or any plate) cause lateral resonance modes 
to emerge, and the basic resonance frequency of a resonator or that of a finite plate 
is somewhat higher or lower than its cut-off frequency. This fundamental lateral 
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resonance mode or, in other words, the first mode lateral resonance corresponds to a 
situation, where there is an amplitude maximum in the middle of the resonator area. 

In a finite plate there can be various mechanical vibrations, and any lateral 
resonance modes can be excited mechanically. Certain lateral resonance modes may 
5 be excited piezoelectrically, when an alternating voltage is exerted over the crystal. 
These lateral resonance modes that are usually at different frequencies cause the 
surface of the resonator to oscillate. The piezoelectrically excited strongest 
resonance mode is called the main mode and the other piezoelectrically excited 
modes are called spurious resonance modes. The spurious resonance modes usually 
10 occur at somewhat lower and/or higher frequencies than the cut-off frequency of a 
resonator. 

One of the desired properties of a filter is that at the frequencies which the filter 
passes, the response of the filter is as even as possible. The variations in the 
frequency response are called the ripple. The frequency response of a filter should 
15 thus be constant, for example in a bandpass filter, over the bandwidth of the filter. 
In the blocking frequencies the ripple is usually not a problem. 

The problem with the spurious resonance modes of crystal resonators and, for 
example, BAW resonators is that the ripple in filters that are constructed using these 
resonators is at least partly caused by spurious resonance modes of the resonators. 

20 This is discussed, for example, in an article entitled "Thin film bulk acoustic wave 
filters for GPS", in 1992 Ultrasonic Symposium, pp. 471-476, by K. M. Lakin, G. 
R. Kline and K. T. McCarron. The spurious resonance modes deteriorate the 
properties of systems that comprise crystal resonators or BAW resonators. The 
ripple in a frequency response of a filter is one example of the effect of the spurious 

25 resonances. 

One of the goals of resonator design is to produce a resonator where the piezo- 
electrically excited strongest mode is a piston mode, where the amplitude 
distribution is flat across most of the resonator area. Usually, a resonator operating 
in the piston mode does not have strong spurious resonances. One of the main 
30 problems in resonator design is that, in general, the way how to make resonators 
operate in the piston mode is not known. 

An object of the invention is to provide a resonator structure. A further object is to 
provide a resonator structure having good electrical response. A further object is to 
provide a resonator structure, where the displacement relating to the piezo- 
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electrically excited strongest resonance mode is substantially uniform in an area 
covering a large part of the resonator; preferably the resonator structure operates in 
the piston mode. A further object of the invention is to provide a resonator structure 
that is easy to manufacture. 

5 Objects of the invention are achieved by confining a center area of a resonator with 
a frame-like boundary zone, which has a different cut-off frequency than the center 
area, and by adjusting the properties of piezoelectrically excited resonance modes in 
the center area by selecting the acoustical properties and width of the frame-like 
boundary zone properly. 

10 A resonator structure according to the invention is a resonator structure, where a 
certain wave mode is piezoelectrically excitable and which resonator structure 
comprises at least two conductor layers and at least one piezoelectric layer in 
between the conductor layers, said conductor layers and piezoelectric layer 
extending over a first area of the resonator structure, which first area is a piezo- 

15 electrically excitable area of the resonator structure, and which is characterized in 
that 

- the resonator structure comprises a frame-like zone confining a center area, 

- the center area is within the first area of the resonator structure, 

- a cut-off frequency of the piezoelectrically excited wave mode in the layer 
20 structure of the frame-like zone is different from the cut-off frequency of the 

piezoelectrically excited wave mode in the layer structure of the center area, and 

- width of the frame-like zone and acoustical properties of the layer structure in the 
frame-like zone are arranged so that displacement relating to the piezoelectrically 
excited strongest resonance mode is substantially uniform in the center area of the 

25 resonator. 

An electrically excitable area of a resonator refers here to the area to which all the 
electrode layers and the piezoelectric layer(s) of the resonator extend. Usually the 
electrically excitable area is in the center of a resonator. In a resonator structure 
according to the invention, there is a frame-like zone that encircles a certain part of 
30 the electrically excitable area of the resonator. Term center area refers here to this 
part of the electrically excitable area, which is inside the frame-like zone. The 
center area does not have to be, for example, in the center of the resonator area. 

The frame-like zone in a resonator according to the invention differs from the center 
area and from the area surrounding the frame-like zone in its acoustical properties. 
35 The cut-off frequency in the frame-like zone and/or the dispersion relation of the 
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piezoelectricaUy excited wave mode in the frame-like zone may be different from 
those in the center area and/or in the area surrounding the frame-like zone. The cut- 
off frequency of a layer structure is determined by the thickness and acoustical 
properties of the layers, and by assuming that a plate having said layer structure is 
5 infinite. The dispersion relation depends on the material of the plates and on the 
acoustical wave mode (thickness extensional or shear), which is piezoelectricaUy 
excited in the resonator. The resonators according to die invention may operate in 
the thickness extensional mode or in the shear mode of fundamental (TE1, TS1) or 
higher order. 

10 The acoustical properties and width of die frame-like zone in a resonator according 
to the invention are chosen so that when the resonator is excited piezoelectricaUy, 
the displacement of the strongest piezoelectricaUy excited wave mode is 
substantiaUy uniform in the center area of the resonator. Consider a piezoelectrical 
plate having a certain thickness in vertical direction and electrodes on the horizontal 

15 surfaces. In the presence of a piezoelectricaUy excited thickness extensional wave 
the particles of the piezoelectrical material experience displacement in the vertical 
direction, in other words in the direction of the applied electrical field. In the 
presence of a piezoelectricaUy excited shear wave the particles of the piezoelectrical 
material experience displacement in the horizontal direction, in other words in a 

20 direction perpendicular to the applied electric field. When a resonance structure 
according to the invention is piezoelectricaUy excited, in the center area of the 
resonator there is a substantiaUy uniform displacement. When the piezoelectricaUy 
excited wave is a thickness extensional wave, this means that the thickness of the 
center area varies as a function of time so that at each time instance the thickness of 

25 the center area, at substantiaUy each point of the area, is the same. SimUarly, when 
the piezoelectricaUy excited wave is a shear wave, the displacement of the particles 
is uniform in the horizontal direction. As an example of a uniform displacement, 
consider piston mode, where the displacement is uniform in a certain area of a 
resonator. In a resonator according to the invention, the uniform displacement 

30 related to the piston mode takes place in the center area of the resonator. 
Advantageously the center area operates in piston mode. 

The active area of a resonator is the area where the acoustic wave has a considerable 
magnitude. It is possible that in a resonator according to the invention the center 
area covers most of the active area of the resonator, and consequendy the electrical 
35 response of the resonator is dominated by die strongest piezoelectricaUy excited 
wave mode, advantageously by piston mode operation. The main advantage of the 
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invention is thus that a resonator according to the invention exhibits good electrical 
response. 

A suitable width and thickness for the frame-like zone can be estimated using a 
laterally one-dimensional model, as described below. It is also possible to find the 
5 optimum width and thickness for the frame-like zone experimentally. 

The shape of the electrically excitable area of a resonator or the shape of the center 
area is not restricted to any particular shape in a resonator structure according to the 
invention. The center area in a resonator according to the invention may, for 
example, be rectangular, polygonal or circular. The width and acoustical properties 
10 of the frame-like zone are advantageously substantially uniform throughout the 
frame-like zone, but the resonator structures according to the invention are not 
restricted to such structures comprising a frame-like zone with uniform layer 
structure or with uniform thickness. 

The center area of the resonator according to the invention is advantageously 
15 substantially uniform, in order to achieve piston mode operation. The thickness of 
the center area may vary slightly between the midpoint and the edges. In this case, 
piston mode operation is necessarily not achieved but the electrical response is still 
clean, in other words there are practically no spurious resonance modes. 

The resonator structure according to the invention enhances the properties of 
20 conventional crystal resonators and especially the properties of thin-film BAW 
resonators. The properties of the prior-art BAW resonator types can be enhanced by 
modifying the structures according to the invention. A resonator according to the 
invention may have, for example, a stacked structure. 

In a resonator structure which has a frame-like zone whose width and thickness are 
25 selected properly, the strongest piezoelectrically excited mode in the center area of 
the resonator structure is piston mode. In such a structure, the spurious resonances 
occurring at frequencies near the piston operation frequency have often only a weak 
coupling, as discussed below in connection with a laterally one-dimensional model. 
This effect typically enhances the electrical properties of a resonator according to 
30 the invention even further. 

When the properties of the resonators are enhanced, the properties of the 
components that comprise resonators are improved. Specifically, it is advantageous 
to manufacture filter using the resonator structures according to the invention. Such 
filters may be used, for example, in mobile communication devices. 
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Typically when a frame-like zone of a resonator is designed so that the strongest 
piezoelectrically excited mode in the center area of the resonator structure is piston 
mode, the resonator can be operated at a relatively wide frequency range around the 
piston-mode operation point, because the anharmonic spurious modes are 
5 suppressed. A resonator can be designed to operate somewhat below or above the 
piston mode frequency to obtain an optimum overall response for a particular 
purpose. For example in a bandpass filter the ripple in the pass band may be 
minimized. 

A further advantage of the invention is that the manufacture of resonators according 
10 to the invention does not necessarily require any additional manufacture steps. This 
is discussed in more detail in connection with the preferred embodiments of the 
invention. 

The invention relates also to a filter comprising at least one resonator structure, 
where a certain wave mode is piezoelectrically excitable and which resonator 
15 structure comprises at least two conductor layers and at least one piezoelectric layer 
in between the conductor layers, said conductor layers and piezoelectric layer 
extending over a first area of the resonator structure, which first area is a piezo- 
electrically excitable area of the resonator structure, and which is characterized in 
that 

20 - the resonator structure comprises a frame-like zone confining a center area, 

- the center area is within the first area of the resonator structure, 

- a cut-off frequency of the piezoelectrically excited wave mode in the layer 
structure of the frame-like zone is different from the cut-off frequency of the piezo- 
electrically excited wave mode in the layer structure of the center area, and 

25 - width of the frame-like zone and acoustical properties of the layer structure in the 
frame-like zone are arranged so that displacement relating to the piezoelectrically 
excited strongest resonance mode is substantially uniform in the center area of the 
resonator. 

The invention will now be described more in detail with reference to the preferred 
30 embodiments by the way of example and to the accompanying drawings where 

Figure 1 illustrates a bulk acoustic wave resonator according to prior art, 



Figure 2 shows another prior art bulk acoustic wave resonator structure having a 
bridge structure, 
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Figure 3 illustrates a prior art bulk acoustic wave resonator having a via-hole 
structure, 

Figure 4 illustrates a prior art bulk acoustic wave resonator isolated from the 
substrate by an acoustic mirror structure, 

5 Figure 5 illustrates a prior art stacked bulk acoustic wave resonator, 

Figure 6 illustrates the laterally one-dimensional model of a resonator, 

Figure 7 illustrates schematically typical dispersion relations k(a>), 

Figure 8 illustrates schematically partial cross sections of various resonator 
structures according to the invention, 

10 Figure 9 shows on Smith's chart a calculated electrical response of various 
resonator structures similar to that presented in Figure 8a, 

Figure 10 shows schematically a bulk acoustic wave resonator structure according 
to a first preferred embodiment of the invention, 

Figure 11 shows on Smith's chart a calculated electrical response of the resonator 
1 5 structure presented in Figure 1 0, 

Figure 12 shows schematically top views of some resonators according to the 
invention, 

Figure 13 shows schematically a resonator according to a second preferred 
embodiment of the invention, 

20 Figure 14 shows schematically a resonator structure according to a third preferred 
embodiment of the invention, 

Figure 15 shows on Smith's chart the measured electrical response of a resonator 
structure according to the third preferred embodiment of the invention, 

Figure 16 illustrates the measured strength of spurious resonances in resonator 
25 structures having a frame-like zone formed by two partially overlapping 

layers, 

Figure 17 illustrates schematically a resonator structure according to a fourth 
preferred embodiment of the invention, and 
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Figure 18 illustrates resonators structure according to a fifth preferred embodiment 
of the invention. 

Above in conjunction with the description of the prior art reference was made to 
Figures 1-5. The same reference numerals are used for corresponding parts in the 
5 figures. 

The effect of the frame-like zone on the piezoelectrically generated vibrations of the 
resonator can be, according to current view, most straightforwardly sketched using a 
laterally one-dimensional model of a resonator. In this model, the resonator is 
assumed to be a plate, whose length in, for example, the ^-direction is infinite, and 
10 whose dimensions in the xz-plane are finite. Figure 6 presents plates 610 and 620, 
whose length in j-direction is infinite. The lateral vibrations are, correspondingly, 
studied in one dimension, namely in the x-direction. If the material of the plate is 
elastically isotropic the equation for the displacement vector d of a sinusoidal 
acoustic wave is 

15 -pco 2 d = (X + u)V(V • d) + uV 2 d 0) 

where p is the density and X and y. are the elastic Lame's constants of the plate 
material. 

The Helmholtz* theorem states that the solution can be expressed as 
d = Vcp + V x A 

20 where <p is a scalar function and A is a vector function. The equations for the 
longitudinal wave q> and for the shear wave A are 

-co 2 p(p = (X + 2u)V 2 <p 
-co 2 pA= uV 2 A. 

The solutions for (p and A are <p — A L e jkr and A = A s e jkr , where A L and A s are 
25 amplitude constants, r is the position vector, k is the wave vector and j is the 
imaginary unit. 

Thus there exist two types of waves with angular frequency co as solutions to 
Equation 1. The displacement d is the sum of a displacement component d L related 
to the longimdinal wave and a displacement component d s related to the shear wave 
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d = d L + d s = V<p + V x A = VA L e jkr + VxA s e jk r . (2) 

For simplicity consider solutions that propagate in the lateral x-direction and in the 
vertical z-direction in the plate. Then the wave vector is k = ^u x + ^u z where u x 
and u z are the unit vectors in the direction of the jc-axis and z-axis. The displacement 
5 d = fixUx + dyU y + djd z on the surface z = 0 of the plate becomes 

d(z = 0) = VA L e^ + V x A s e^ = Ce*-* (3) 

where C is a constant amplitude vector. This shows that the wave looks like a 
traveling harmonic wave on the surface. 

The boundary conditions are zero stresses at the top and bottom surface of the plate, 
10 which can be expressed as 

The boundary conditions give a condition for the wave number sjkl+kl and 
establish a dependence between the angular frequency co and the wave number k* 
which is called the dispersion relation fc(co) of the wave. The wave number k may be 
15 real, which means a constant-amplitude propagating acoustic wave; it may be 
imaginary, which means an exponentially attenuating acoustic wave; or it may have 
a real part and an imaginary part indicating an exponentially attenuating sinusoidal 
acoustic wave. The cut-off angular frequency g> c , which corresponds to k = 0, is 
determined by the thickness and acoustical properties of the layers of the plate. 

20 In a multilayer structure four waves propagate in each layer. These are the shear and 
longitudinal waves propagating upwards and downwards. At an interface between 
two layers we must therefore consider eight types of waves: longitudinal and shear 
waves arriving from above the interface and leaving below the interface, and 
similarly longitudinal and shear waves arriving from below the interface and leaving 

25 above the interface. The boundary conditions at this interface pose some relations 
between these waves. One of them is that the component of the wave vector along 
the interface is the same for all waves. This is the plate wave number k used as the 
parameter in the dispersion relation. It gives the wavelength 2idk and attenuation 
Im{£} of the wave propagating in the horizontal x-direction. 



30 The dispersion relation k(co) can be calculated for instance by the transfer matrix 
method of Thomson and Haskell [M.J.S.Lowe, Matrix techniques for modeling 
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ultrasonic waves in multilayered media, IEEE Trans. Ultrason. Ferro. Freq. Control 
42 4 (1995) 525-42]. In practice this must be accomplished numerically. 

There are always several possible acoustic wave modes at different angular 
frequencies co which can propagate in the plate. They are generally called plate 
5 modes and the most important of them are the Lamb waves. In resonators the 
interesting plate modes are the bound or non-leaking modes which are localized in a 
finite part of the plate. Other modes will escape from the resonator and they are 
therefore not observable. The bound modes have decreasing amplitude when the x 
coordinate approaches negative or positive infinity. 

10 In a general case the vibration in a plate must be described by two harmonic waves 
traveling in opposite lateral directions. The displacement of this Lamb wave is 
approximated by a scalar function ^(x) 

^(x) = ^e- jb +fie +jb . ( 4 ) 

When the plate consists of different adjacent regions / in the x-direction, the 
15 constants A and B and the wave number k are different in every region / in the plate. 
The equation above thus reads 

%(x i ) = A i e- ik > Xi + B i e +ik ' x > 

For simplicity of notation we choose the coefficients A, and B t in such a way that in 
each region i the coordinate x, = 0 at the left boundary and x, = W x at the right 
20 boundary. In Figure 6, for example, the plate 610 consists of thee regions, where / = 
1, 2 and 3. 

The amplitude of the particle displacement d can be written as d = W 0 , where do 
defines the vibration mode of the wave and function *F tells the amplitude and phase 
of the amplitude of displacement as functions of x. The stress vector is 
25 approximately written 

F = cm 

dx 

where c is the stiffness matrix of the material and m is a constant vector determined 
by the vibration mode. Here we assume that the elastic stiffness is the same in all 
the regions i because we mainly consider structures where the layers are almost 
30 continuous in the x direction. 
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At each interface between the different regions the displacement d must be 
continuous and the stress F must be equal on both sides of the interface. When the 
stiffness c is assumed constant these conditions require that the displacement 
function ¥ and its differential cW/dx must be continuous 



dx 



(5) 



This gives conditions for the coefficients A t and B t in the different regions /. In the 
interface between regions p and q y where x p = W p and = 0, we get 

10 where W p is the width of the region p. Now we can compute the coefficients A, and 
Bi (and thus the amplitude X P) at any point in the structure, if we know them at one 
point. 

Let the regions of the plate in the xz-plane be numbered from left to right and the 
numbering starts from / = 1, as presented in Figure 6. In the leftmost region 1 the 
15 wave number k\ is imaginary and the coefficient B\ = 0, otherwise the amplitude of 
the wave would grow when x -co. Between the regions 1 and 2, Equations 6 
become 



-^* 2 +£ 2 £ 2 = 



0 



where x ¥ 0 is the displacement at the interface between regions 1 and 2. We can solve 
20 the amplitude coefficients in region 2 



k + k 

- ~2*r ° 

k -k 
2 2* 2 0 



(8) 



The strength of the resonance modes is determined by their piezoelectric coupling. 
The piezoelectrically generated voltage V is proportional to the displacement W of 
the vibration. In the laterally one-dimensional model we calculate the voltage as an 
25 integral over the electroded region W t \ e 
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w 

V = h jVdc (9) 

x=0 

where h is a proportionality constant. If the electroded region contains only one 
region whose width is integration of the displacement (Equation 4) gives the 
voltage 

5 v= Krt^ eie(e - o + ^( cMh > if *- *° (10) 

V = hW e]c (A clc +B dc ) , if k cic =0. 

The amplitude coefficients A s and B t are determined by the boundary conditions. We 
first consider a classical crystal oscillator 610, whose structure is symmetrical so 
that the leftmost region 1 and the rightmost region 3 are identical, and the vibration 
is trapped in the center region 2. 

10 The displacement ¥ and its differential V¥ (or, in this model, dVldx) in the three 
regions are 



Region 


1 


2 


3 










dV 
dx 


K 1 A i e K,Xl 






¥(0) 


0 


^4 2 + £ 2 


*3 






ii,e** + B 2 e jw 


0 


d¥ 
dx 


x=0 


0 


j* 2 (5 2 -^ 2 ) 




dV 
dx 


x=(f 




jJfcjC-^e"^ +5,6^) 


0 



where ¥0 is the displacement at the interface between regions 1 and 2. The wave 
numbers k x and Jt 3 are purely imaginary, because the amplitude of the wave 
15 decreases towards positive and negative infinity. In the above they have been 
marked using real numbers K x = -}k\ and K 3 = -fc. 

The conditions for a resonance of standing waves are that the displacement and 
its differential V^F are continuous at the border of regions 1 and 2 and at the border 
of regions 2 and 3. The continuity of the displacement results in 
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A 2 +B 2 =V 0 

A 2 e-*^ + B 2 q^ = B 3 

and the continuity of its differential results in 

jk 2 (B 2 -A 2 ) = K,V 0 
jk 2 (-A 2 e-w +B 2 e^) = -K 3 B 3 . 

From these the following condition for the resonance of the lateral waves can be 
5 derived 

B 2 

where s = +1 for symmetric solutions ¥ and s = -1 for antisymmetric solutions 
The real and imaginary parts of this equation must fulfill 

K 

cosk 2 W 2 +— sink 2 W 2 =s 
k 2 

sink 2 W 2 -^-cos*^ = s^- 
k 2 k 2 

10 and the resonance thus occurs when 



sink-W, = s 



2KJk 2 

v 2 rf 2 — » /„ N 2 
1 + 1 

1 V 



(0 



The piezoelectrically generated voltage for the resonance is 

where the A 2 and B 2 have been expressed using K x and k 2 . For antisymmetric 
15 solutions the piezoelectrically generated voltage vanishes, so there is no piezo- 
electric coupling. All symmetric solutions are piezoelectrically generated because 
A 2 - B 2 is never equal to zero in the region 2 in resonator 610. 

Next, consider a symmetric resonator 620 with five regions. The region 3 is in the 
center of the structure. The regions 2 and 4 are identical and they are adjacent to 
20 region 3. The leftmost region 1 and the rightmost region 5 are also identical, and 
region 1 is adjacent to region 2 and region 5 is adjacent to region 4. From now on in 
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this description, the regions numbered with 1, 2, 3, 4 and 5 refer to a symmetric 
resonator having (at least) these five regions in this order. In a resonator 620, the 
displacement in regions 2, 3 and 4 is 

in regions 1 and 5 it is % = A 1 e K * and ¥ 5 = ^e ^, where and # s are real 
numbers. 

The resonance condition for the region 3 can be expressed 



Y s (0) = 5^3(^3) 
tic 



x,=0 A 



where again the symmetry of the solution W is expressed by s = ±1. This gives the 
10 following condition for the resonance of the lateral waves 

The piezoelectrically generated voltage becomes 

J« 3 

^ = ^3(^3+53), * 3 =0. 

The antisymmetric solutions (s = -1) are not piezoelectrically generated. The 
15 strength of the symmetric solutions is determined by the difference A3 - B$, which 
can be small or vanish altogether. The strength of the symmetric resonance modes 
can be computed numerically. 

The strength of the lateral resonance mode with wave number k 3 = 0 depends on the 
sum A 3 + B 3 . This lateral resonance mode is the piston mode whose amplitude 
20 distribution is flat and, consequently, the derivative of is zero, i.e. V*¥ = 0, in the 
center region 3. For the derivative of to be continuous, at the boundary between 
the regions 2 and 3 the following must be true 



dx 



= jfc^-A^-W + B 2 e** ) = 0. 
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It is thus possible to determine the width W 2 of the region 2 which results in the 
piston mode operation in the region 3. From the equation above we get 

B 2 k 2 - jK } 
Equating the real and imaginary parts gives 
5 sin 2* 2 ^=^p 

which is the same as tan k 2 W 2 = K\lk 2 . The width W 2 which results in the piston 
mode satisfies thus the following equation 

arctan — + mt 

W 2 = p , n = 0,1,2,K (1 1) 

As discussed above, the number K x is real (the wave number k x = }K X has imaginary 
10 value). For the width W 2 to be positive, the wave number k 2 needs to have a real 
value. The displacement ¥ in the center region 3 is 



which is a constant function. 

At the piston mode frequency the gradient of the amplitude ct¥ 2 /dx = 0 at W 2 . 
15 Because it must be equal to 

= -jk 3 A 3 + jk 3 B 3 



d¥ 3 



dx 



x 3 =0 



we see immediately that A 3 = B 3 . At frequencies close to the piston mode the 
gradient cP¥ 2 /dx usually remains small which means that A 3 is close to B 3 and the 
piezoelectric coupling which is proportional to A 3 - B 3 is weak. Therefore these 
20 spurious modes tend to be weak. 



The same theory that has been applied in analysing resonators operating in the 
thickness extensional wave modes can be applied to resonator operating in the shear 
modes, too. 
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As discussed above, in the theoretical case of a resonator, whose dimension in one 
direction is infinite, it is possible to choose the width of the regions (e.g. regions 2 
and 4 in resonator 620) which confine the center region (e.g. region 3 in resonator 
620) so that the center region operates in piston mode. Real resonators have finite 
5 dimensions, and therefore the lateral waves and the lateral resonances occur at a 
two-dimensional plane. The result obtained using the laterally one-dimensional 
model can be generalized to this case, where a frame-like zone (corresponding to 
regions 2 and 4 above) confines a center area corresponding to the center region 3 
above. The optimal width of the frame-like zone is not necessarily the same as 

10 above discussed for the regions 2 and 4, but it can be found, for example, 
experimentally. Although the laterally one-dimensional model discusses extensional 
wave modes, resonators operating in shear mode can be analyzed similarly. The 
material properties and cut-off frequency related to extensional wave modes are 
usually different from those related to shear modes, so proper thickness and width 

15 of a frame-like zone are typically different for shear and extensional wave modes. 

In a real resonator structure having a frame-like zone, whose width and thickness 
are selected properly, the strongest piezoelectrically excited mode in the center area 
of the resonator structure is piston mode. In such a structure, the spurious 
resonances occurring at frequencies near the piston operation frequency have often 
20 only a weak coupling. This effect enhances the electrical properties of a resonator 
according to the invention even further. In a real resonator the spurious resonances 
are seldom purely symmetric or antisymmetric, so that the results concerning the 
antisymmetric or symmetric solutions (resonance modes) usually cannot be directly 
applied in real resonator structures. 

25 A resonator according to the invention comprises at least two regions: the center 
area, which is in the piezoelectrically excitable area of the resonator, and a frame- 
like zone, which confines the center area. The center area corresponds to the region 
3 of the laterally one-dimensional model described above, and the frame-like zone 
corresponds to the regions 2 and 4 of the laterally one-dimensional lateral model. A 

30 suitable thickness of the frame-like zone depends on the dispersion relation k(to) in 
the frame-like zone and in the material which surrounds the frame-like zone. The 
dispersion relation £(cd) may have one of the two general forms depicted in Figure 
7, where the angular frequency a> is schematically presented as a function of the 
wave number k. The horizontal axis on the right side of the vertical axis represents 

35 real values of the wave number k and on the left side of the vertical axis die wave 
number is imaginary. The vertical axis in Figure 7 represents the angular frequency 



WO 01/06647 



PCT/FI00/00591 



20 



<o. In type I dispersion the wave number k is real, when the angular frequency © is 
above the cut-off angular frequency ca c of the plate. In type II dispersion the wave 
number k is real, when the angular frequency co is below the cut-off angular 
frequency co c . For example, in a homogeneous plate the dispersion of TE1 (first 
5 thickness extensional) mode is of the type I when the Poisson's ratio of the material 
is above 1/3 and of the type II when the ratio is below 1/3. 

As discussed above in connection with the lateral one-dimensional model of a 
resonator, the center area of a resonator according to the invention may operate in 
the piston mode under piezoelectric excitation, when at the operation frequency the 

10 wave number is real in the frame-like zone, zero in the center region and imaginary 
in the material surrounding the frame-like. To obtain a real wave number in a 
certain plate or in a certain part of a plate, the cut-off frequency has to be lower than 
the operating frequency, when the dispersion k(co) is of type I. If the dispersion is of 
type n, then the cut-off frequency has to be higher than the operating frequency for 

15 the wave number to be real at the operating frequency. The operating frequency of 
piston mode is the same as the cut-off frequency of the center area of a resonator. 

The rule for choosing the angular cut-off frequencies co C i m the surrounding area 
and G>c2 in the frame-like zone is that the wave number in the surrounding area is 
imaginary and in the frame-like zone real at the piston mode frequency, which is the 

20 cut-off frequency a> C 3 hi the center region. Table 1 summarizes suitable choices for 
the angular cut-off frequencies co c at the frame-like zone (region 2) and at the 
material surrounding the frame-like zone (region 1). The cut-off frequency can be 
adjusted, for example, by adjusting the thickness of the layers at these regions. The 
angular frequency ee> C 3 denotes to the angular cut-off frequency of the center area of 

25 a resonator (region 3). 

Table 1 The design rules for achieving piston mode operation. 



Region of resonator structure 


Dispersion type 


Design rule 


Region 1 


I 


COci > ©C3 


Region 1 


n 


COci < COc3 


Region 2 


I 


CD C 2 < G>C3 


Region 2 


II 


<Dc2 > <DC3 



Table 2 shows six examples of laterally one-dimensional resonator structures 
according to the invention. The six examples present possible combinations of the 
two dispersion types I and II in the regions 1 and 2. The angular cut-off frequency 
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of the center area of the resonator is coc3 = 610 9 1/s and the angular cut-off 
frequencies of the regions 1 and 2 are selected according to Table 1. The wave 
numbers k\ and k 2 are calculated using a dispersion relation 



t = Ja(o) 2 -G)c) 5 

where a is a parameter that determines the dispersion type. The thickness W 2 is 
calculated using Equation 11. Table 2 presents two possible widths for the boundary 
region 2 in the two last rows. The variable n in Equation 1 1 affects the width of the 
boundary region, and if, for example, due to resolution in the manufacturing 
process, it is not possible to manufacture a frame-like zone, whose width 
corresponds to n = 0 case, then it is possible to use n = 1. 

Table 2 Some resonator structures that produce piston mode operation. 



Partial cross- 
section in 
Figure 


8a 


8b 


8c 


8d 


8e 


8f 




Dispersion in 
region 1 


I 


I 


II 


II 


I 


n 




Dispersion in 
region 2 


I 


n 


I 


n 


n 


I 




Dispersion in 
region 3 


I 


I 


I 


I 


i 


I 




a in region 1 


io- 8 


10' 8 


-10 8 


-IO' 8 


IO -8 


-10* 


s 2 /m 2 rad 2 


a in region 2 


IO" 8 


-10* 


IO -8 


-10' 8 


-10 8 


IO -8 


s 2 /m 2 rad 2 


a in region 3 


IO" 8 


10' 8 


IO" 8 


IO" 8 


10' 8 


IO* 8 


s 2 /m 2 rad 2 


e>c.i 


6.05 


6.05 


5.95 


5.95 


6.03 


5.93 


10 9 rad/s 


©C.2 


5.93 


6.03 


5.93 


6.03 


6.05 


5.95 


10 9 rad/s 


a>c.3 


6.00 


6.00 


6.00 


6.00 


6.00 


6.00 


10 9 rad/s 


h 


j77621 


j77621 


j77298 


j77298 


j60075 


j91384 


1/m 




91384 


60075 


91384 


60075 


77621 


77298 


1/m 




0 


0 


0 


0 


0 


0 


1/m 


W 2 (n = 0) 


7.7 


15.2 


7.7 


15.2 


8.5 


11.2 


Mm 


W 2 (n = 1) 


42.1 


67.5 


42.1 


67.4 


49.0 


51.9 


um 
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Figures 8a - 8f present schematically partial cross-sections of the resonator 
structures specified in Table 2. The various cut-off frequencies of Table 2 are 
presented in Figure 8 as a varying thickness of a resonator structure: usually the 
higher cut-off frequency means a thinner plate, and this is the logic in Figure 8. 

5 Please note, however, that in addition to the thickness of the layers, the material of 
the layers forming a plate also affects the cut-off frequency of the plate. Figure 8a 
presents a partial cross section of a resonator 810, where both in region 1 and region 
2 the dispersion is of type I. The relation of the cut-off frequencies in resonator 810 
is the following: g>c2 < <»C3 < ooci- To achieve this relation, usually the frame-like 

10 zone of a resonator according to the invention is thicker than the center area, and the 
region surrounding the frame-like zone is thinner than the frame-like zone. Figure 
8b shows a resonator 820, where the dispersion in region 1 is of type I and in region 
2 the dispersion is of type fi. The relation of the cut-off frequencies in resonator 820 
is the following: co C3 < cocs < ©ci- hi this case, usually both the frame-like zone and 

15 the region surrounding the frame-like zone are thinner than the center area of a 
resonator. Figure 8c presents a resonator 830, where the dispersion in region 1 is of 
type fi and in region 2 it is of type I, and the relation of the cut-off frequencies is 
coca < ooci < co c3 . In Figure 8d, the dispersion is of type H in both the regions 1 and 
2 of resonator 840, and the relation of the cut-off frequencies is a> C i < «>C3 < ©cz- 

20 Figure 8e shows a partial cross section of a resonator 850, where the dispersion is of 
type H in region 2 and of type I in region 1 and the relation of the cut-off 

frequencies is cocs < co C i < a>c2. Figure 8f snows a P 33 * 31 cross section of 3 
resonator 860, where the dispersion is of type I both in region 1 and 2. The relation 
of the cut-off frequencies is <o C i < o>c2 < co C 3 in resonator 860. 

25 The calculated electrical responses of three laterally one-dimensional resonators 
having the structure specified in Figure 8a is presented in Figure 9. The three 
resonators have the same angular cut-off frequencies of the regions 1, 2 and 3: co C i = 
6.4 10 9 coca = 5-93 10 9 and co C3 = 6.0 10 9 1/s. The width W 2 of the boundary 
region 2 varies from resonator to resonator, and the three widths W 2 are 6 nm, 12.93 

30 pm and 18 um. 

The electrical responses are presented in Figure 9 on Smith's chart. Smith's chart is a 
way to present the impedance of a certain electrical component as a function of the 
frequency. In Smith's chart, frequency increases in a clockwise manner. A resonator 
which resonates only in the basic resonance mode produces a circle on Smith's 
35 chart. Possible loops in the diagram indicate spurious resonance frequencies. The 
size of the loops indicates the strength of the spurious resonances. 
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The width W 2 = 12.93 \xm is calculated using Equation 11. The electrical response 
of a resonator having W 2 = 12.93 \xm is presented in Figure 9 with a thin solid line. 
This line forms almost a circle in Figure 9, indicating that this resonator operates in 
the piston mode. The electrical response of a resonator having width W 2 = 6 |xm is 
5 presented in Figure 9 with a thick solid line. It has several circles on the Smith's 
chart. This indicates that the resonator, where W 2 = 6 jum, has spurious resonances 
at various frequencies. The electrical response of a resonator having width W 2 = 18 
jjm is presented in Figure 9 with a dashed line and it has several circles that are 
smaller and at different frequencies than those of the W 2 = 6 resonator. The 
10 resonator having W 2 = 18 jam produces better electrical response than the resonator 
where W 2 = 6 ^m, but the width W 2 = 12.93 jam produces the cleanest electrical 
response without any spurious resonances. 

Table 3 presents a further example of a laterally one-dimensional resonator 
according to the invention. This resonator has a typical layer structure of a BAW 

15 resonator. It comprises a top electrode made of aluminium and a bottom electrode 
made of molybdenum. In between these electrodes, there is a piezoelectric layer of 
ZnO. The resonator structure is on a support layer made of Si0 2 . Table 3 specifies 
the widths of regions 1-5 and the thickness of each layer at the regions. In the BAW 
resonator described in Table 3 the frame-like zone is formed by making the top 

20 electrode thicker near its edges. 

The thickness and width of the frame-like zone (boundary region 2;4) in a resonator 
according to the invention may be estimated based on the following design rule. 
Consider an infinitely long slab, which has a width 2W 2 , whose the layer structure is 
that of the boundary region 2;4 and which is surrounded by both sides by the layer 

25 stack of region 1;5. The width 2W 2 is chosen so that the lowest lateral resonance 
frequency in the slab is equal to the cut-off frequency of the center area of the 
resonator. The width of the actual boundary region 2;4 in the complete resonator is 
then half of the width of the slab, in other words it is W 2 . The frequency of the 
lowest lateral resonance mode of a infinitely long slab, whose width is 2W 2 , whose 

30 layer structure is known and where also the layer structure adjacent to the slab is 
known, can be determined straightforwardly, for example, using finite element 
method (FEM). Similarly, the cut-off frequency of a layer structure can be 
determined, when the materials and the thicknesses of the layers are known. This 
design rule produces practically the same width for the frame-like zone as the 

35 laterally one-dimensional model described above. When calculating W 2 in Table 3, 
material parameter values of Al, Mo, Si0 2 and ZnO found in the literature are used. 
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Figure 10 presents schematically the BAW resonator structure 1000 specified in 
Table 3. The Si0 2 support layer 200 corresponds to a substrate. The bottom 
electrode 110 and the ZnO piezoelectric layer 100 extend over the whole resonator 
width. The top electrode 120 covers the boundary regions 2 and 4, and the center 
5 region 3. The boundary regions 2 and 4 of the resonator structure 1000 are formed 
by making the top electrode 120 thicker at the edge of the electrically excitable area. 
The arrows in Figure 10 indicate the scale; please note that the scale is different in 
the horizontal and vertical directions. 



Table 3 Structure of an example BAW resonator according to the invention. 



Region 


1 


2 


3 


4 


5 


Top electrode Al (run) 


0 


500 


400 


500 


0 


Piezoelectric layer ZnO (nm) 


2200 


2200 


2200 


2200 


2200 


Bottom electrode Mo (nm) 


400 


400 


400 


400 


400 


Support layer Si0 2 (nm) 


500 


500 


500 


500 


500 


Width of region ()im) 


40 


4.29 


250 


4.29 


40 


Cut-off freq../c (MHz) 


1059.94 


973.48 


990.90 


973.48 


1059.94 


Electrodes 


No 


Yes 


Yes 


Yes 


No 


Q value 


1000 


1000 


1000 


1000 


1000 



10 Figure 11 presents on Smith's chart the calculated electrical response of two 
resonator structures. The other is a resonator structure 1000 specified in Table 3 and 
presented in Figure 10. It is thus a resonator according to the invention, and its 
electrical response is illustrated with a solid line in Figure 11. The dashed line in 
Figure 1 1 presents the electrical response of a resonator structure which does not 

15 comprise a boundary region according to the invention. This flat resonator is 
otherwise similar to that specified in Table 3, but the thickness of the top electrode 
at the regions 2 and 4 is 400 nm. In other words, the top electrode has uniform 
thickness. 

It is possible to describe the electrical response of a resonator by calculating how 
20 much the electrical response deviates from a circle on the Smith's chart. The solid 
line in Figure 11 forms almost a circle with standard deviation only 0.16%. A 
resonator 1000 according to the invention thus operates very purely in the piston 
mode. The dashed line in Figure 1 1 forms clear loops, and the standard deviation 
from the circle is 3.44%. The electrical response of the flat resonator is distinctly 
25 worse than that of the resonator 1000 according to the invention. 
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As can be noted, in a laterally one-dimensional resonator according to the invention 
the center region can be obtained to operate in piston mode, and this does not 
depend on the width of the center region. Similarly, the center area 3 of a real 
resonator having finite lateral dimensions does not have to have any specific form. 
5 The center area in a resonator according to the invention is thus not restricted to any 
specific forms, and it may have, for example, the free-shaped form illustrated in 
Figure 12a. The center area 3 may, for example, be rectangular as in resonator 1210 
in Figure 12b, polygonal as in resonator 1220 in Figure 12c or circular as in 
resonator 1230 in Figure 12d. The shape of the electrically excitable area can be 

10 different from the shape of the center area, as long as the center area is within the 
electrically excitable area. The frame-like zone may be on the electrically excitable 
area, it may be partially on the electrically excitable area or it may encircle the 
electrically excitable. In the last case, the electrically excitable area is the same as 
the center area. Typically it is advantageous to restrict the electrically excitable area 

15 to the area confined by the outer circle of the frame-like zone. 

The laterally one-dimensional model above discusses only regions with constant 
thickness. It is also possible to construct resonators where die thickness varies 
within the regions. The optimal width for the frame-like zone can in this case be 
found, for example, experimentally or using numerical simulations. It is also 

20 possible that the frame-like zone of a real resonator is not uniform. If, for example, 
the material surrounding the frame-like zone is not uniform around the frame-like 
zone, the thickness and the width of the frame-like zone can vary accordingly so 
that the boundary condition V 1 ? = 0 is substantially satisfied at the edge of the 
center area. This boundary condition is equivalent to saying that the displacement 

25 relating to the piezoelectrically excited strongest resonance mode is substantially 
uniform in the center area of the resonator. 

The width of the frame-like zone in real three-dimensional resonators can be 
estimated, for example, using the design rule presented above. The exact optimum 
dimensions for the frame-like zone are often found experimentally because, for 
30 example, of the uncertainties in the material parameters in thin films. 

Let us next consider some examples of constructing a frame-like zone to a resonator 
structure. In a first preferred embodiment of the invention, the frame-like zone is 
constructed by making at least one of the layer thicker around the center area. The 
BAW resonator 1000 presented in Figure 10 is an example of a resonator according 
35 to a first preferred embodiment of die invention; there the frame-like zone is formed 
by the thickness variation of the top electrode 120. If the frame-like zone is formed 
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by thickening the top electrode, then frame-like zone is typically within the 
electrically excitable area. 

Figure 13 shows a BAW resonator 1300 according to a second preferred 
embodiment of the invention. The BAW resonator 1300 is fabricated on a glass or 

5 silicon substrate 200. Over the substrate, there is, for example, a membrane layer 
130 and an etch pit 210 isolating the resonator structure from the substrate. The 
bottom electrode 1 10 covers a certain part of the substrate, and it is covered by the 
piezoelectric layer 100. Part of the bottom electrode 1 10 is left exposed for allowing 
the joining of the resonator to electrical components. The top electrode 120 covers 

10 at least part of the piezoelectric layer 100. 

In the BAW resonator according to the second preferred embodiment, the frame-like 
boundary zone 2 is formed by depositing an extra frame-like layer 2 to the resonator 
structure. The frame-like layer 2 according to the invention may be situated between 
any layers of a resonator structure. In the BAW resonator 1300 the extra layer is 
15 deposited on top of the top electrode 120. The extra frame-like layer may be 
electrically conducting or isolating. An extra frame-like layer may, for example, 
encircle the electrically excitable area, being itself outside the electrically excitable 
area of a resonator, or it may be located at the edge of the electrically excitable area 
as in Figure 13. 

20 As the cross sectional cuts in Figure 13 show, the edges of the piezoelectric layer 
100 may be slanting. The patterning of the piezoelectric material typically produces 
edges that are not exactly perpendicular to the surface of the substrate. A resonator 
structure according to the invention may have such slanting edges and still operate 
successfully in piston mode. If the edges of the piezoelectric layer (or of any other 

25 layer, but typically the piezoelectric layer is the thickest layer in a resonator 
structure) are slanting already just beside the frame-like zone, the width of the 
frame-like zone may need adjustment when compared to the width calculated using 
either the laterally one-dimensional theory or the design rule described above 
because the acoustic properties of the surrounding region 1;5 are then changing. 

30 The top electrode 120 of the resonator 1300 extends as a strip to the right-hand side 
(in Figure 13), covering part of the slanting edge of the piezoelectric layer. To 
optimize the properties of a resonator, it may be necessary to alter the thickness or 
width of the frame-like layer 2 in the area adjacent to the top electrode strip. 
Suitable thickness and width can be found, for example, experimentally. If the 

35 resonator structure is not similar to all directions around the frame-like zone, 
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variations in the thickness and/or width of the frame-like zone may be advantageous 
also in other resonators according to the invention, as discussed above. 

Figure 14 shows schematically a BAW resonator 1400 according to a third preferred 
embodiment of the invention, where the frame-like boundary zone is formed by 
5 letting two layers overlap. In Figure 14, the BAW resonator 1400 is by way of 
example on a membrane 130 placed over a etch pit 210. The BAW resonator 1400 
has a top electrode 120 and a bottom electrode 110, and a piezoelectric layer 100 in 
between the electrodes. During the manufacture process, the piezoelectric layer 100 
may be covered with a passivation layer 140. The passivation layer is typically 

10 dielectric material, and it both insulates the component electrically and protects the 
piezoelectric material. The passivation layer is opened (or removed by etching) on 
top of the piezoelectric layer 100, on the location where the top electrode 120 is 
placed. As can be seen in Figure 14, the passivation layer 140 and the top electrode 
120 overlap at the edge of the top electrode. The zone, where both the top electrode 

15 120 and the passivation layer 140 extend, is the frame-like zone according to the 
invention. It is also possible that the layers which overlap and form the frame-like 
zone, are not the top-most layers of the resonator structure. 

To add the frame-like zone to a resonator by using the overlapping passivation layer 
and top electrodes requires only slight changes to the manufacturing of the resonator 
20 structure. This method is thus easy and efficient for producing good quality 
resonators. Overlapping layers, and especially using a passivation layer as an 
overlapping layer, can be used also with other resonators, for example, in a stacked 
BAW resonator similar to that presented in Figure 5. 

In Figure 15 the measured electrical response of a BAW resonator according to the 
25 third preferred embodiment of the invention is compared to the electrical response 
of flat prior-art BAW resonator. Both these BAW resonators employ an acoustic 
quarter-wavelength mirror layer. The piezoelectric material is ZnO, which exhibits 
dispersion relation of type I for TE1 waves. The BAW resonator X10#46 D76M124 
according to a third preferred embodiment has a frame-like zone that is 235 nm 
30 thicker than the center area of the resonator and that is 5 pm wide which has been 
experimentally found to be optimum for the studied resonator X10#46 D76M124. 
The frame-like zone is constructed by letting a passivation layer and the top 
electrode overlap at the edge of the top electrode. The BAW resonator X10#46 
D77T8 is a flat prior-art BAW resonator. It has otherwise similar layer structure and 
35 dimensions as the BAW resonator X10#46 D76M124, but it lacks the frame-like 
zone. 
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The measured electrical response of the BAW resonator X10#46 D76M124 is 
presented in Figure 15 with a dashed line. The dashed line does not deviate much 
from a circle, indicating that the BAW resonator X10#46 D76M124 according to 
the third preferred embodiment of the invention operates in the piston mode. The 
5 measured electrical response of the BAW resonator X10#46 D77T8 is presented in 
Figure 15 with a solid line. The solid line forms loops, indicating that the prior-art 
BAW resonator without a frame-like zone has spurious resonances. 

Figure 16 shows the measured electrical responses of various BAW resonators, and 
it gives an example of selecting the width of the frame-like zone properly. In these 
10 BAW resonators a Si0 2 passivation layer overlaps with the top electrode, similarly 
as presented in Figure 14, forming a frame-like zone. The width of the frame-like 
zone is different in each BAW resonator, whose electrical response is presented in 
Figure 16. The width varies from 1 jam to 9 jam from resonator to resonator, but it is 
practically uniform for each resonator. 

15 Figure 16 presents the purity of the electrical response as deviation from a circle on 
Smith f s chart as a function of frequency. In this presentation, the amplitude of the 
waves indicates the strength of the spurious resonances. The curves in Figure 16 
correspond to the following widths of the frame-like zone: 1, 3, 5, 7 and 9 pm. The 
curves marked with 7, 5, 3 and 1 |im have been shifted in the vertical direction by 

20 -0.1, -0.2, -0.3 and -0.4, correspondingly, to enhance legibility. 

The BAW resonator having a 7-jim wide frame-like zone has the purest electrical 
response in Figure 16, and it is a resonator according to the invention. The 
deviations from the circle on Smith's chart are less than 0.02 units. When the width 
of the frame-like zone is smaller, the deviation from the circle increases. For 
25 example, the resonator having a 1 wide frame-like zone exhibits at least 14 
spurious resonance modes at the frequency range of 820... 870 MHz. When the 
width of the frame-like zone is larger than that producing the purest electrical 
response, Figure 16 (curve marked with 9 pm) shows that spurious resonances 
emerge at somewhat lower frequencies. 

30 Figure 17 shows a cross-section of a resonator structures 1700 and 1710 according 
to a fourth preferred embodiment of the invention. A resonator according to the 
invention may have a frame-like zone, whose cross-section is not rectangular. In 
general, the edges of any layer in the layer structure may be tapered. Usually the 
edges of the frame-like zone become automatically tapered when wet etching 

35 technique is used. Resonator structure 1700 is given as an example. The correct 
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dimensions for the edge regions are found numerically, by solving the wave 
equation, or experimentally by observing the strength of the spurious modes. 

If the dispersion of the frame-like zone 2;4 around the center area 3 of the resonator 
is of type II, then the edge of the piezoelectric layer 100 may be thinned gradually, 
5 as shown in Figure 17b for the resonator 1710. Due to the tapering of the piezo- 
electric layer, the cut-off frequency of the frame-like zone varies smoothly as a 
function of the distance from the center of the resonator. A BAW resonator 
according to the fourth preferred embodiment of the invention may be quite simple 
to produce, as many thin film patterning procedures produce tapered edges in proper 
10 dimension. The width of the sloping edge of a film typically becomes comparable to 
the thickness of the film. 

Figure 18 shows a top-view of some example resonator structures according to a 
fifth preferred embodiment of the invention. In these resonator structures, the frame- 
like zone is formed by patterning one of the layers in the layer structure. The 

15 patterned layer may be, for example, the top electrode 120, as presented in Figure 
18a. The resonator 1810 has a frame-like zone 2, which is formed by patterning the 
rim of the top electrode 120 in a suitable way. If the dimensions of the patterning 
image are small compared to the wavelength of the sound in the lateral direction, the 
cut-off frequency of the patterned region, which is indicated with dashed lines in 

20 Figures 18a and 18b, is changed. If the dimensions of the patterning image are 
larger or of the same order as the wavelength of sound, the result is that the cut-off 
frequency is different in the different parts of the patterning and it may not be 
possible to obtain a single strong piezoelectrically excited wave mode. Patterning 
can be used to fabricate a frame-like zone having a higher (Figure 18a) or lower 

25 (Figure 18c) cut-off frequency than the center area without deposition of a new 
layer. The patterned layer may be one of the layers extending over the center area of 
the resonator, for example to top electrode, or it may be one of the layers extending 
over the region surrounding the center area. It may also be a layer extending over 
the whole resonator, as the passivation layer 140 in resonator 1820. The 

30 manufacture of a resonator having a patterned frame-like zone typically does not 
require extra steps compared to manufacture of prior-art resonators. It is also 
possible to deposit a separate layer which forms only the patterning, but does not 
extend neither to the center area nor to the region surrounding the center area. 
Furthermore, it is possible to vary the thickness of a layer so that a patterning image 

35 specifies the thickness of a layer instead of specifying the absence/presence of a 
layer. 
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Consider, for example, a resonator where the wave number in the frame-like zone is 
70000 1/m at the operating frequency. The wavelength of this lateral wave is 90 pm. 
Typical dimensions of the patterning image can thus be, for example, several 
micrometers. The dimensions may also be less, if such dimensions are technically 
5 feasible to achieve. 

For an oscillating scalar function of one variable, it is possible to define an 
envelope, which goes through either local maxima or local minima and whose 
period is longer man that of the oscillating function. For a pattern or curve in a 
plane, the determination of an envelope is not as straightforward. Such an envelope, 

10 whose period (or scale of changes) is typically of the order of the wavelength of 
sound can, however, usually be defined. The frame-like zone according to the 
invention is thus the area covered by the envelope of the pattern. The width of the 
frame-like zone formed using patterning may vary; it does not have to be 
substantially uniform. Figures 18c and 18d show top views of two examples of 

15 patterning, which can be used to form a frame-like zone. 

Figures presenting resonator structures according to the invention present, as 
examples, resonators having one piezoelectric layer. A resonator according to the 
invention may as well have, for example, two piezoelectric layers and a middle 
electrode, or it may have more than one middle electrodes stacked in between 
20 piezoelectric layers. 

Bulk acoustic wave resonators are used above as examples of piezoelectric 
resonators, where a frame-like zone enhances the properties of a resonator. A frame- 
like zone according to the invention may be used to enhance the properties of 
thicker crystal resonators, too. Suitable cut-off frequency relating to the piezo- 
25 electrically excited wave mode in the frame-like zone and width of the frame-like 
zone may be found using the principles presented above. 

In this description the width of the frame-like zone refers to dimension of the frame- 
like zone in the direction of the surface of the top electrode. Any expressions 
indicating directions, such as top and bottom, are used to make the description of 
30 the resonator structure more eligible. These expressions do not restrict the resonator 
structures according to the invention in any way. 
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Claims 

1. A resonator structure (1200, 1300, 1400), where a certain wave mode is 
piezoelectrically excitable and which resonator structure comprises at least two 
conductor layers (110, 120) and at least one piezoelectric layer (100) in between the 

5 conductor layers, said conductor layers and piezoelectric layer extending over a first 
area of the resonator structure, which first area is a piezoelectrically excitable area 
of the resonator structure, characterized in that 

- the resonator structure comprises a frame-like zone (2, 4) confining a center area 
(3), 

10 - the center area is within the first area of the resonator structure, 

- a cut-off frequency of the piezoelectrically excited wave mode in the layer 
structure of the frame-like zone is different from the cut-off frequency of the piezo- 
electrically excited wave mode in the layer structure of the center area, and 

- width of the frame-like zone and acoustical properties of the layer structure in the 
15 frame-like zone are arranged so that displacement relating to the piezoelectrically 

excited strongest resonance mode is substantially uniform in the center area of the 
resonator. 

2. A resonator structure according to claim 1, characterized in that the width of 
the frame-like zone is not uniform. 

20 3. A resonator structure according to claim 1, characterized in that the cross- 
section of the frame-like zone is not uniform. 

4. A resonator structure according to claim 1, characterized in that the frame- 
like zone has a substantially uniform width. 

5. A resonator structure according to claim 4, characterized in that the cross- 
25 section of the frame-like zone is substantially rectangular. 

6. A resonator structure according to claim 4, characterized in that the width of 
the frame-like zone and the cut-off frequency in the layer structure of the frame-like 
zone are arranged so mat a lateral resonance frequency in infinitely long rectangular 
resonator, whose width is twice the width of the frame-like zone, where the cut-off 

30 frequency is the same as the cut-off frequency in the layer structure in the frame- 
like zone and which is surrounded by the layer structure of the area surrounding the 
frame-like zone, is substantially the same as the cut-off frequency in the center area. 
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7. A resonator structure (1230) according to claim 1, characterized in that the 
frame-like zone is substantially circular. 

8. A resonator structure (1220) according to claim 1, characterized in that the 
frame-like zone is substantially polygonal. 

5 9. A resonator structure (1210) according to claim 8, characterized in that the 
frame-like zone is substantially rectangular. 

10. A resonator structure according to claim 9, characterized in that the cross- 
section of die frame-like zone is substantially rectangular. 

11. A resonator structure (820, 840, 850) according to claim 1, characterized in 
10 that the cut-off frequency of the piezoelectrically excited wave mode in the layer 

structure of the frame-like zone is higher than the cut-off frequency of the piezo- 
electrically excited wave mode in the layer structure of the center area. 

12. A resonator structure according to claim 11, characterized in that the 
dispersion of the piezoelectrically excited wave mode is of type II in the frame-like 

15 area. 

13. A resonator structure (810, 830, 860) according to claim 1, characterized in 
that the cut-off frequency of the piezoelectrically excited wave mode in the layer 
structure of the frame-like zone is lower than the cut-off frequency of the piezo- 
electrically excited wave mode in the layer structure of the center area. 

20 14. A resonator structure according to claim 13, characterized in that the 
dispersion of the piezoelectrically excited wave mode is of type I in the frame-like 
area. 

15. A resonator structure (1000, 1300, 1700, 1820) according to claim 1, charac- 
terized in that the frame-like zone is within the first area. 

25 16. A resonator structure according to claim 1, characterized in that the frame- 
like zone is at least partly outside the first area. 

17. A resonator structure (1810, 1820) according to claim 1, characterized in that 
at least one of the layers of the resonator has a first part, which is patterned, and a 
second part, which consists of is a uniform thin film. 
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18. A resonator structure (1810) according to claim 17, characterized in that the 
first part is a rim covering the frame-like zone. 

19. A resonator structure according to claim 18, characterized in that the layer 
having the first part and the second part is a top electrode of the resonator structure. 

5 20. A resonator structure (1820) according to claim 17, characterized in that the 
second part covers the frame-like zone. 

21. A resonator structure according to claim 20, characterized in that the layer 
having the first part and the second part is a passivation layer of the resonator 
structure. 

10 22. A resonator structure (1710) according to claim 1, characterized in that 

- the thickness of the center area is substantially uniform, 

- the thickness of a region surrounding the frame-like zone is substantially uniform 
at a certain region next to an interface between the frame-like zone and the 
surrounding region, and 

15 - the thickness of the frame-like zone varies over the width of the frame-like zone. 

23. A resonator structure according to claim 22, characterized in that the frame- 
like zone is thicker at an interface between the center area and the frame-like zone 
than at the interface between the frame-like zone and the surrounding material. 

24. A resonator structure according to claim 22, characterized in that the frame- 
20 like zone is thinner at the interface between the center area and the frame-like zone 

than at the interface between the frame-like zone and the surrounding material. 

25. A resonator structure (1400) according to claim 1, characterized in that in the 
frame-like zone a first layer (120) extending at least over the center area and the 
frame-like zone overlaps with a second layer (140) extending over the frame-like 

25 zone and over some part of the area surrounding the frame-like zone. 

26. A resonator structure according to claim 25, characterized in that the first 
layer is one of the conductor layers and the second layer is a passivation layer. 

27. A resonator structure (1300) according to claim 1, characterized in that it 
comprises at least one frame-like layer, which forms the frame-like zone. 



30 28. A resonator structure (1000) according to claim 1, characterized in that the 
frame-like zone is arranged by varying the thickness of at least one of the layers 
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extending at least over the frame-like zone and the center area, so that the thickness 
of said layer is different in the frame-like zone than in the center area. 

29. A resonator structure according to claim 28, characterized in that said layer is 
a top electrode (120) of the resonator structure. 

5 30. A resonator structure according to claim 28, characterized in that said layer is 
thicker in the frame-like zone than in the center area. 

31. A resonator structure according to claim 28, characterized in that said layer is 
thinner in the frame-like zone than in the center area. 

32. A resonator structure according to claim 1, characterized in that it is a thin 
10 film bulk acoustic wave resonator. 

33. A resonator structure according to claim 1, characterized in that the thickness 
of the resonator structure in the center area is substantially uniform. 

34. A resonator structure according to claim 1, characterized in that the thickness 
of the resonator in the center area is different in a first part of the center area than in 

15 a second part in the center area. 

35. A filter comprising at least one resonator structure (1200, 1300, 1400), where 
a certain wave mode is piezoelectrically excitable and which resonator structure 
comprises at least two conductor layers (110, 120) and at least one piezoelectric 
layer (100) in between the conductor layers, said conductor layers and piezoelectric 

20 layer extending over a first area of the resonator structure, which first area is a 
piezoelectrically excitable area of the resonator structure, characterized in that 
- the resonator structure comprises a frame-like zone (2, 4) confining a center area 



- the center area is within the first area of the resonator structure, 

25 - a cut-off frequency of the piezoelectrically excited wave mode in the layer 
structure of the frame-like zone is different from the cut-off frequency of the piezo- 
electrically excited wave mode in the layer structure of the center area, and 

- width of the frame-like zone and acoustical properties of the layer structure in the 
frame-like zone are arranged so that displacement relating to the piezoelectrically 

30 excited strongest resonance mode is substantially uniform in the center area of the 
resonator. 
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